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THE NERVOUS SYSTEM. 


THE nervous system—the complex apparatus by which the organism is brought 
into relation with its surroundings and by which its various parts are united into one 
coérdinated whole—consists essentially of structural units, the zezrones, held together 
by a special sustentacular tissue, the neuroglia, assisted by ingrowths of connective 
tissue from the investing membrane, the pia mater. 

‘The neurone, the morphological unit of the nervous system, includes a 
nucleated protoplasmic accumulation, the cel/-body, and the processes. The former, 
usually spoken of as the xerve-cell, presides over the nutrition of the neurone and is 
the seat of the subtle changes giving rise to nervous impulse. The processes arise 
as outgrowths from the cell-body and provide the paths along which impulses are 
conveyed. They are very variable in length, some extending only a fraction of a 
millimeter beyond the cell-body, while others continue for many centimeters to 
distant parts of the body. The longer processes, which usually acquire protecting 
sheaths, are known as the zerve-fibres, and these, associated in bundles, constitute 
the nerve-trunks that pass to the muscles and various other organs. 

Reduced to its simplest terms, the nervous system consists of the two parts rep- 
resented in the accompanying diagram (Fig. 834). The one, the sensory neurone, 

(A) takes up the stimulus received upon the 
Fic. 834. integument or other sensory surface and, by means 
of its process (nerve-fibre), conveys such impulse 
from the periphery towards the central aggregations 
of nerve-cells that commonly lie in the vicinity of the 
body-axis. Functionally, such a path constitutes a 
centripetal or afferent fibre (a). The impressions 
thus carried are transferred to the second element, 
the motor neurone (B), which in response sends 
out the impulse originating within the cell-body 
(nerve-cell) along the process known as the centrz- 
fugal or efferent fibre (e), to the muscle-cell 
and causes contraction. The simple relations of 
Diagram showing fundamental units the foregoing apparatus are, in fact, superceded 
of nervous system. A, sensory neurone, by much greater complexity in consequence of the 
cess (a) from periphery (5); 8, motor introduction of additional neurones by which the 
seerere (Stemescie t imPulses by tS afferent impressions are distributed to nerve-cells 
situated not only in the immediate vicinity of the 

first neurone, but at different and often distant levels. 

Although very exceptionally the relation between the neurones may perhaps be 
that of actual continuity in consequence of a secondary union of their processes 
(Held), the view concerning the constitution of the nervous system most worthy of 
confidence, notwithstanding the bitter attacks by certain histologists, regards the 
neurones as separate and distinct units. While chained together to form the various 
Pe of conduction, they are probably seldom, if ever, actually united to one another 

ut only intimately related, since their processes, although in close contact, are not 
directly continuous,—contiguity but not continuity being the ordinary relation. 

During the evolution of the nervous system from the simpler type, the cell- 
bodies of the neurones forsake their primary superficial position and recede from the 
periphery. In vertebrates this recession is expressed in the axial accumulation of 
cell-bodies either within the wall or in the immediate vicinity of the neural tube 
(brain and spinal cord), from or to which the processes pass. The nervous system 
is often divided, therefore, into a centraland a peripheral portion. The former, also 
known as the cerebro-spinal axis, includes the brain and spinal cord and contains 
the chief axial collections of nerve-cells ; the peripheral portion, on the contrary, 
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contains the nerve-cells of the sensory ganglia and is principally composed of the 
nerve-fibres that pass to and from the end-organs. Intimately associated with and 
in fact a part of the peripheral nervous system, but at the same time possessing a 
certain degree of independence, stands the sympathetic system, which provides for 
the innervation of the involuntary muscle and glandular tissue throughout the body 
and the muscle of the heart. 

When sectioned, the fresh brain and spinal cord do not present a uniform appear- 
ance, but are seen to be made up of a darker and a lighter substance. The former, 
the gray matter, owes its reddish brown color not only to the numerous nerve-cells 
that it contains, but also to its greater vascularity ; the hue of the lighter substance, 
the white matter, is due to its chief constituents, the medullated nerve-fibres, in 
conjunction with its relatively meagre vascular supply. 


THE NERVOUS TISSUES. 


The Neurones.—The neurones, the essential morphological units of the 
nervous system, consist of the cell-body and the processes. The latter, as seen in 
the case of a typical motor neurone (Fig. 835), are of two kinds: (@) the branched 
protoplasmic extensions, the dendrites, which may be multiple and form elaborate 
arborescent ramifications that establish relations with other neurones, and (4) the 
single unbranched axone (neuraxis, neurite) that ordinarily is prolonged to form the 
axis-cylinder of a nerve-fibre, and, hence, is often termed the axzvs-cylinder process. 

The dendrites are usually uneven in contour and relatively robust as they leave 
the cell-body, but rapidly become thinner, due to their repeated branching, until 
they are reduced to delicate threads that con- 
stitute the terminal arborizations, the te/odendria, 
formed by the end-branches. The latter are 
beset with minute varicosities and finally end in 
terminal bead-like thickenings. The axones, 
slender and smooth and of uniform thickness, ° 
are much less conspicuous than the dendrites. 
They may be short and only extend to nearby 
cells ; or they may be of great length and con- 
nect distant parts that lie either wholly within the 


Fic. 835. 


Fic. 836. 
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Diagram of typical neurone. as nerve-fibre. 


cerebro-spinal axis (as from the brain-cortex to the lower part of the spinal cord) or 
extend beyond (as from the lower part of the cord to the plantar muscles of the foot ). 
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connected with the acoustic nerve. An interesting modification of bipolar neurones 
is presented by the olfactory cells, whose dendrites are represented by the extremely 
short processes embedded within the nasal mucous 
Fie, Quo. membrane, whilst the axones are prolonged as the 
fibres of the olfactory nerves into the cranial cavity 
to end in telodendria within the glomeruli of the 

olfactory bulb. 
The cell-bodies of the multipolar neurones, 
vy which possess one axone and several dendrites, vary 
in form (Fig. 841). Some, as those within the sym- 
pathetic ganglia, are approximately spherical and of 
moderate size, with short delicate dendrites ; many 
are of large size and irregularly stellate form, the 
dendrites passing out in all directions, as seen in the 
conspicuous motor neurones within the gray matter 
of the spinal cord; others possess a regular and 
characteristic form, as the flask-shaped cells of Purkinje 
@ 6 within the cerebellum, or the pyramidal cells of the 
O cerebral cortex. Certain multipolar neurones within 
Bipolar neurones; a,{rom olfactory the cerebral cortex, and especially those constituting 
giucous membrane “sengrite is eborf} the chief components of the granule layer, of the 
cerebellum, are distinguished by the small size of 
their cell-bodies and the peculiar ramifications and claw-like telodendria of their 
dendrites (Fig. 945). .Within the cerebellar cortex are likewise found examples of 


Fic. 841. 





Multipolar nerve-cells of various forms; A, from spinal cord; #, from cerebral cortex; C, from cerebellar cortex 
(Purkinje cell) ; a, axone; c, implantation cone. 


the multipolar neurones of Golgi’s type II, whose axones almost immediately 
undergo elaborate branching within the gray matter to which they are confined. 

The Nerve-Fibres.—From the foregoing considerations it is evident that the 
nerve-fibres are not independent elements, but that all are the processes of neurones 
—either the axones of those that are prolonged into fibres (type I), or the dendrites 
of those situated within the spinal and other sensory peripheral ganglia. Although 
neurones exist which are not continued as nerve-fibres, the latter are always connected 
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Posterior wall of vertebral canal has been removed and 
spinal cord 


dural sheath opened to expose 
ot r nerves; ¢ en, 1 C, first cervical nerve and vertebra 
coccygeal nerves. 


a 
respectively 


7 on, 


and dorsal roots 


a & 


Texshene ne abogetion alaestieiaa 
or 

they cross the subarachnoid space the 
bundles of root-fibres of the spinal 
nerves are enclosed by prolongations 
of the pia and arachnoid. These 
sheaths are retained by the nerves for 
only a short distance after the latter 
receive an additional investment from 
the dura as they leave the vertebral 
canal, The dural sheath becomes 
continuous with the epineurium of the 
spinal nerves. 

The Cord-Segments, — 
Although no suggestion of such sub- 
division is to be seen as constrictions 
on its surface, in principle the spinal 
cord consists of a series of segments, 
each of which gives origin to the 
anterior (motor) and receives the pos- 
terior (sensory) root-fibres of one 
pair of spinal nerves. These nerves, 
usually thirty-one pairs in number, 
are classified as eight cervical, twelve 
thoracic, five lumbar, five sacral, and 
one coceygeal. Corresponding to the 
attachment of the nerves the cord is 
conventionally divided into cervica/, 
thoracic, lumbar, and sacral regions. 
Of the entire length of a cord measur- 
ing 43 cm., approximately to em., or 
about 23.5 per cent., belonged to the 
cervical region; 24 cm., or 55.5 per 
cent., to the thoracic; 6 cm., or 14 
per cent., to the lumbar; and 3 cm., 
or 7 per cent., to the sacral region. 

he spinal nerves are attached 
to the lateral surfaces of the cord by 
fan-shaped groups of anterior and pos- 
terior root-fbres that are gathered into 
compact strands as they converge to 
form a common trunk (Fig. 884). 
The portion of the spinal cord with 
which the root-fibres of a spinal nerve 
are connected constitutes its cord- 
segment, the limits of which lie in the 
interval separating the extreme fibres 
of the nerve and those of the adjacent 
nerves. In the thoracic cord these 
intervals are very evident, since the 
segments are relatively long; in the 
cervical and lumbar regions, on the 
contrary, the groups of root-fibres 
are so crowded that they form almost 
unbroken rows, 


The length of the individual cord- 
segments varies; thus, according to the 
measurements of Liideritz, those of the 
cervical region, are from 11-13.5 mm. ; 
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higher levels by the ascending stem-fibres. Although the anterior reflex collat- 

als are, for the pan af MMs with the cells of the same side, it is probable 
it some cross by way of the posterior commissure, and possibly also by the anterior 
idge, to the opposite ventral horn cells. It is doubtful, on the other hand, 
vhether either stem-fibres or collaterals of the pomeee sone pass directly to the 
SPettoc dy coitaalay tote cocasion Gare pene- 

The res passing to Pp rior horn include those which 

substantia Rolandi, either as collaterals or stem-fibres of Burdach’s or 
of Lissauer’s tracts, to end 

Fic. 896. about the neurones within 


3e 
ue 


: 


i 


the Rolandie substance or 
within the head of the pos- 
terior horn. Their longitudi- 
nal course within Burdach's 
tract is ordinarily short ; 
ne then bend horizontally 
and enter the y matter 
of the posterior horn, within 
which they soon terminate 
in end-arborizations around 
the neurones of the II order, 
Some fibres, however, do 
not undergo T-division until 
alter entering the posterior 
Section of spinal com at level of sisth cervical terio ath oa area 
‘ Segment) anterior ic substance or caput 
postero-lateral sulcus. by Preteauss Senter x6, fawkes cornu, they then bifurcate, 
; é in some cases the ascending 
limbs pursuing a vertical course within the gray matter, particularly of the caput 
cornu, for some distance before ending about the head-cells of the posterior horn, 

The tract of Lissauer, or marginal zone, situated immediately behind the 
apex of the dorsal horn, receives the lateral group of the posterior root-fibres. These 
are all of unusually small size and, after a short longitudinal course in which the 
descending limbs predominate, they turn horizontally and, both as collaterals and 
stem-fibres, penetrate the substantia Rolandi, about whose cells and those of the 
caput cornu they end. 

From the foregoing description, it is evident that the dorsal root-fibres destined 
for the or horn terminate in relation with neurones of the II order represented 
chiefly by the cells of the substantia gelatinosa Rolandi, including the marginal cells, 
and the inner cells of the caput cornu, 


a 





The secondary or endogenous tracts of the posterior column arise as axones from the 
neurones of the II order (the marginal cells, the cells of the substantia Rolandi and the head- 
cells) situated within the posterior horn and include ascending and descending paths. 

The ascending secondary tract is composed of the axones derived from the posterior horn 
cells of the same and, by way of the posterior commissure, opposite side, which pass into the 
posterior column. In a general way, they occupy the ventral field, although sharing it with 
seattered strands of root-fibres and of descending endogenous fibres. The destination of the 
fibres of this ascending tract is uncertain, some fibres pursuing a short and others a longer 
course within the posterior column before entering the gray matter at higher levels to end in 
relation with the posterior horn cells, or, perhaps, in some cases, with the neurones within 
the nuclei of the medulla (Rothmann). 

‘The descending secondary tracts, as shown by degenerations following lesions involving 
the posterior column, occupy varying but fairly well differentiated areas. In the cervical and 
upper thoracic cord they are collected into the comma bundle of Schultze, which extends from 
near the neck of the posterior horn dorsally along the median margin of Burdach's tract. In 
the lower thoracic and lumbar cord they form an elongated half-ellipse along the posterior 
median septum which, with the corresponding bundle of the opposite side, produces the oval 
field of Flechsig. Still lower, in the sacral cord, they lic at the junction of the median septum 
and the posterior surface of the cord as the medio-dorsal triangular bundle of Gombault and 
Philippe. Additional descending endogenous fibres are scattered in the ventral field. It is 
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r m affecting the more deeply placed fibres. In consequence of these variations, the form 
of the pyramidal tract in cross-section ch v pe to triangular, with the base 
Fic. 898. ey ane Tonle deweons ties ahaa ae 
ror give off at different levels col- 








medullary coat, which not in 
=e “a until the last month of feetal life and is not com- 

— pleted until after the second year. 

Section of f at level of sixt 

; ; ee The direct cerebellar tract (fas- 
righ cornu. <6 Preparation by Pro- ciculus cerebellospinalis), is an important 
_ ascending path of the second order that 
establishes communication between the reception sensory cord-nucleus formed by 
Clarke's cells and the cerebellum, In cross-sections of the thoracic region, the tract 


forms a superficial flattened comet-shaped field that occupies the dorsal half of the lateral 
column, from the apex of the posterior horn forward along the periphery 
of the cord, to the outer side of the lateral pyramidal tract, to about the anterior 

e of the gray commissure. Its ventral end, particularly in the lower cervical 
region, is broadest and projects somewhat into the lateral column in advance of the 
lateral pyramidal field. Although as a compact strand the direct cerebellar tract 
begins at the tenth thoracic segment, it is represented by isolated fibres in the lumbo- 
sacral region, The fibres collectively are large and become medullated about the sixth 
fetal month (Bechterew). In a general way the fibres having the longest course 
the dorsal part of the tract and those having the shortest the ventral (Flatau). 
rising as the axones of the cells of Clarke’s column, the components of the 
pass in curves almost horizontally outward through the gray matter and lateral 

to the peripheral field, on are bgt they bend sharply brainward and 

without interruption to the medulla, Their further course includes the pas- 

through the dorso-lateral field of the medulla as far as the inferior cerebellar 

j . by which the fibres reach the cerebellum to end in relation with the superior 
wort, on, probably, both the same and the opposite sides. 

The tract of Gowers (fasciculus anterolateralis superficialis ) constitutes another 
juthway of the IT order, which connects the cord with the cerebellum and probably 
also establishes relations with the cerebrum. In cross-sections the tract aj 
somewhat uncertainly defined owing to the intermingling of its fibres with those of 
adjoining stands, but in the main it includes a superficial crescentic field that touches 
the direct cerebellar and lateral pyramidal tracts behind, extends along the margin 
of the cord for a variable distance, and usually ends in front in the vicinity of the 
ventral nerve-roots, The inner boundary, separating the tract in question from the 
laveral ground-bundle, lacks in sharpness and is overlaid by the adjoining strands, 
Helow, the tract appears about the middle of the Jumbar region and continues 
throughout the remainder of the cord. As Gowers’ tract ascends, it fails to show 
the considerable increase in size that might be expected in view of the continual 
additions that it receives, In explanation of this, the probable mingling of some of 
ite fibres with those of the direct cerebellar tract, rather than their ending in the 
cord, stems the most plausible (Zichen). : i 

The exact origin of the constituents of Gowers’ tract is still uncertain, but it is 
very likely that its fibres are chiefly the axones of the neurones (marginal and inner 
cells) situated within the posterior horn, partly from the same and partly from the 


2 


ip 





1040 HUMAN ANATOMY. 


sensory neurones lies outside the spinal cord ; it is, however, with the intramedullary 
portion of these neurones, as constituents of paths within the cord, that we are here 
concerned. 

On entering the spinal cord along the postero-lateral groove, the dorsal root- 
fibres for the most part penetrate the tract of Burdach, close to the inner side of the 
posterior horn. Some of the more external root-fibres, however, do not enter Bur- 
dach’s tract, but form a small adjoining field, the tract of Lissauer, that lies im- 
mediately dorsal to the apex of the posterior horn. Soon after gaining the posterior 
column, with few exceptions, each dorsal root-fibre undergoes a > or like divi- 
sion into an ascending and a descending limb, which assume a longitudinal course 
and pass upward and downward in the cord for a variable distance, the descending 
limb being usually the shorter. During their course from both, but particularly from 
the descending limb and from the proximal part of the ascending fibre, collateral 

branches are given off which bend sharply 

Fic. 894. inward and pass horizontally into the gray 

matter to end chiefly in relation with the 
neurones of the posterior horn, from which 
cells secondary paths arise. Not only the 
collaterals, but also the main stem-fibres of 
the descending and shorter ascending limbs 
end in the manner just described. In addi- 
tion to the short collaterals destined for the 
cells of the dorsal horn, others, the ventral 
reflex collaterals, pursue a sigmoid course, 
traversing the substantia gelatinosa Rolandi 
and the remaining parts of the posterior 
horn and the intermediate gray matter, to 
end in arborizations around the radicular 
cells of the anterior horn, and thus complete 
important reflex arcs, by which impulses 
transmitted through the dorsal roots directly 
impress the motor neurones. The latter are 
usually of the same side, but some collaterals 
Hiapadakoniigdvnniomacwiendbiie; oo ey OF thaianterior Sommissiire 
into ascending and descending hromeheee long fibre terminate in relation with the anterior horn 
end at diferent levels around cells in gran matierar Cells of the opposite side. It is probable 
posterior horn ; S. G., spinal ganglion. that a considerable number of such anterior 
horn reflex collaterals are given off from the 

fibres that ascend in the long tracts of the posterior column to the medulla oblongata. 

With possibly the exception of certain fibres which pass directly to the cerebellum 
(Hoche), all the sensory root-fibres (axones of neurones of the I order) end around 
the neurones situated either within the gray matter of the spinal cord or within the 
nuclei of the medulla; thence the impressions are conveyed by the axones of these 
neurones of the II order to higher centers, to be taken up, in turn, by neurones of 
the III or even higher order, in the sequence of the chain required to complete the 
path for the conduction and distribution of the impulse. 

The most important groups of the collaterals and stem-fibres of the posterior 
roots are: 

1. The long ascending tracts passing chiefly to the nuclei of the medulla. 

2. The fibres passing to the cells of the column of Clarke. 

3. The collaterals passing to the anterior horn cells. 

4. The fibres entering the posterior horn from the tract of Burdach and of 
Lissauer to end about the neurones of the II order situated within the gray matter 
of the posterior horn and the intermediate gray matter. 

The direct ascending posterior tract includes the dorsal root-fibres that 
pass uninterruptedly upward within the posterior column as far as the nuclei of the 
medulla, On entering the cord they lie at first within the tract of Burdach, but in 
their ascent are gradually displaced medianly and dorsally by the continued addition 
of other root-fibres from the succeeding higher nerves. In consequence, in cross 
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| 
The latter, the outwardl pallium or hemisphere-anlage, is limited below by 
r i flattened 


ly bulging 

the optic recess, the entrance into the yesicle, and, farther front, by a. 
triangular elevation that marks the ear rudiment of the striatum. The 
posterior or ¢halamic region extends backward to the mid- . from which it is 
separated by the slight external constriction and corresponding internal ri 
During the fourth week the demarcations just noted become more definite, 50 | 
the primary anterior yesicle is imperfectly subdivided into two secondary compart- 
ments, the telencephalon, conveniently called the end-érain, and the dienceph- 
alon. Considered with regard to the details presented by the interior of the fore- 
brain, the four areas recognized by His are evident. ese are (Fig. 912) the 
region of the pad/ium and of the corpus striatum, ively above and below in 
the telence; n, and the region of the “alamus and of the hypothalamus respec- 
tively above and below in the diencephalon. Between the protruding hemispheres, 
the telencephalon is closed in front and below by a thin and narrow wall, the /amina 
terminalis, which defines the anterior limit of the brain-tube. 

While the more detailed account of the further development of these regions 
will be given in connection with the description of the several divisions of the brain, 


Fic. 912. 
a - BR 





Reconstruction of brain of human embryo of about four weeks (6.9 mim.); A, outer surface; B, inner stirface; 
ef aa tel @s, aperture of optic stalk ; cf, cerebral peduncle; ¢/, cervical flexure; bf, cephalic flexure. Drawn from 


it may be pointed out here, in a general way, that the pallium gives rise to the con- 
spicuous cerebral hemispheres, which, joined below by a common lamina, expand out- 
ward, upward and backward and rapidly dwarf the other parts of the brain-tube which 
are thus gradually covered over. The striate area thickens into the corpus striatum, 
which appears as a striking prominence on the outer and lower wall of each lateral 
ventricle. The latter represents a secondary extension of the original cavity of the 
fore-brain enclosed by the developing cerebral hemisphere, and at first is large and 
thin-walled and communicates by a wide opening with the remainder of the brain- 
vesicle. The unequal growth and thickening, which subsequently modify the 
surrounding walls, reduce this large aperture until it persists as the small foramen 
of Monroe, by which the lateral ventricle communicates with the third ventricle. The 
latter represents what is left of the cavity of the fore-brain and, therefore, the com- 
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matter, the inferior olivary nucleus (nucleus olivaris inferior), which in favorable 
transverse sections appears as a conspicuous sinuous C-like figure. The nucleus 
resembles a greatly crumpled bag, of which the closed end lies beneath the 
corresponding superficial protuberance and the mouth, or Ad/um, looks mesially 
and somewhat dorsally. When reconstructed and 

Fic. 925. viewed from the side (Fig. 925), the plications of 

Dorsal the lateral and dorso-lateral surfaces display a 

general antero-lateral disposition. On the ventral 
surface the grooves radiate from the ventral border 
of the hilum (Sabin). The greatest length of the 
inferior olivary nucleus is from 12-15 mm., its 
transverse diameter is about 6 mm., and its vertical 
one about one millimeter less. The somewhat 
compressed hilum measures sagittally from 8-9 mm. 
The plicated lamina of gray matter composing the 
Ventral wall of the sac is from .2-.3 mm. in thickness 

Dorso-lateral aspect of inferior olivary and contains numerous small irregularly spherical 

Bucleus as reconstructed by Dr. Florence nerve-cells, each provided with a variable number 

e of dendrites and an axone, embedded within a 
compact feltwork of neuroglia fibres. The interior of the gray sac is filled with 
white matter consisting of nerve-fibres that, for the most part, stream through the 
hilum and thus constitute the o/ivary peduncle. These strands, known as the 
cerebello-olivary fibres, connect the cerebellar cortex with the inferior olivary 
nucleus and probably pass in both directions. Many fibres, the axones of the olivary 
neurones, issue from the hilum on the one side, cross the mid-line and, sweeping 
through the opposite olivary nucleus either by way of the hilum or directly traversing 
the gray lamina, continue their course to the restiform body and thence to the 
cerebellum. Other fibres originate in the cells of the cerebellar cortex and proceed 
in the opposite direction along the same pathway to end in relation with the cells 
of the inferior olivary nucleus. The further links in the chain of conduction are 
uncertain ; according 
to Killiker it is prob- Fic. 926. 
able that from some of 
the olivary cells, fibres 
pass downward into the 
antero-lateral ground- 
bundle of the cord. 

' The accessory 
olivary nuclei are 
two irregular plate-like 
masses of gray matter 
that lie respectively 

+ mesially and dorsally 
to the chief olive. The 
first of these, the mesial 
accessory oltvary nu- 
cleus (nucleus olivaris 
accessorius mesialis) 
is a sagittally placed 
lamina, from 10-11 mm, 
in length, which lies 
between the tract of the 


ferqauad 


Spinal 





matter white 





fillet and the root-fibres matter 
of the hypoglossal 
nerve. It extends he- Section of inferior olivarv nucleus, showing plicated sheet of gray substance 


. * . traversed by strands of cerebello-olivary fibres. X_ 100. 
low the inferior olive 


and, therefore, is encountered in transverse sections at a lower level— immediately 
above the pyramidal decussation—than the main nucleus. According to the recon- 
structions of Sabin, the nucleus comprises three dorso-ventral columns of cells, of 
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the arcuate nucleus. The latter lies at first chiefly on the ventral and, higher, on the 
mesial aspect of the pyramidal tract. The cells of this nucleus, small and fusiform, 
are the origin of not a few of the superficial arcuate fibres, although those from the 
dorsal nuclei continue their course over the nucleus without interruption. At the 
upper end of the medulla, the cells of the arcuate nucleus increase in number and 
mingle with those of the nucleus of the raphe and the pontine nucleus. 

Dorsal to the pyramid and immediately next the mid-line lies (4) the compact 
tract of the median fillet, composed of longitudinal fibres that are the upward continu- 
ation of the deep arcuate fibres, which, from the sensory decussation to the upper 
limit of the cuneate nucleus, bend sharply brainward after crossing the mid-line. The 
fillet-tracts are also known as the zuterolivary stratum, as they constitute a compact 
and laterally compressed field between the inferior olivary nuclei. Lateral to the 
fillet, between the latter and the hypoglossal fibres, lies (5) the mesial accessory 
olivary nucleus. (6) The posterior longitudinal fasciculus appears in cross-section 
as a compact oval or laterally flattened strand, which lies next the raphe and 
immediately beneath the gray matter covering the floor of the fourth ventricle. 
This important path will be later described (page 1116). The remaining space 
of the anterior compartment, between the pyramid and the ventricular gray matter, 
is occupied by the formatio reticularis alba, so designated in distinction to the 
formatio grisea on account of its meagre number of nerve-cells, since, with the excep- 
tion of those scattered in the immediate vicinity of the mid-line (nucleus raphe), few 
cells are present. 

The Formatio Reticularis.—Repeated mention has been made of the reticu- 
lar formation produced by the interweaving of the horizontal and vertical fibres. 
Whilst particularly conspicuous within the medulla at the levels occupied by the 
gracile, cuneate and inferior olivary nuclei, on account of the prominence of the 
arcuate and cerebello-olivary fibres, the formatio reticularis docs not end with the 
disappearance of these nuclei and fibres, but is prolonged upward, although less 
marked, by transversely coursing fibres derived from the reception-nuclei of various 
cranial nerves—the vagus, glosso-pharyngeal, auditory, facial, and trigeminal—from 
whose neurones axones of the second order arise that sweep across the mid-line 
to join chiefly the fillet tract or to end, perhaps, about nerve-cells of other nuclei. 
In this manner the formatio reticularis finds representation within the dorsal or 
tegmental areas of the pons and the cerebral crura. The longitudinal fibres within 
the formatio reticularis grisea are derived from many sources. Some are the 
continuation of Gowers’ tract; some belong to the long strands concerned in 
establishing reflex paths connecting the corpora quadrigemina, nucleus rubrum, 
vestibular and olivary nuclei with the spinal cord ; some are the axones of tegmental 
neurones and pursue shorter courses, both descending and ascending, as association 
fibres linking together different levels of the brain-stem ; while still others are the 
prolongations of the spino-thalamic and other long tracts of the antero-lateral ground- 
bundle of the cord. The longitudinal fibres of the formatio alba are chiefly the 
components of the mesial fillet and of the posterior longitudinal fasciculus with, 
possibly, the addition of short association fibres proceeding from the nerve-cells that 
are found within the anterior area. 


The details of a transverse section passing just beneath the lower border of the pons (Fig. 
932) vary considerably from those of the level shown in Fig. 930. The ventral half of the 
medulla has lost in width in consequence of the disappearance of the superficial olivary emi- 
nence, the inferior olive being at this level represented by only a few irregular plications. The 
pyramids, likewise, are narrower, and separated by the broadened anterior median fissure. The 
mesial fillet and the posterior longitudinal fasciculus are now widely separated by the inter- 
vening nucleus centralis inferior that appears between them along the raphe. The nuclei of the 
hypoglossal and glosso-pharyngeal nerves are no longer seen, but instead, along the floor of the 
ventricle underlying the area acustica, appears a large triangular mass of gray matter, the 
mesial vestibular nucleus, External to the latter the /afera/ or Detters’ nucleus and the 
descending or spinal acoustic root lie close to the restiform body, which in transverse section 
presents a bean-shaped outline. Between the restiform body and the descending trigeminal root, 
the fibres of the mesial or vestibular part of the auditory nerve pass backward to jain the vestib- 
ular nuclei, The outer surface of the restiform body is closely related to a considerable 
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tract of gray matter that collectively constitutes the reception-nucleus of the cochlear division of 
the auditory nerve. This ganglion is subdivided into a superior and an inferior portion, these 
being the dorsal cochlear nucleus and the ventral cochlear nucleus respectively. They both 
receive the fibres of the cochlear or lateral division of the auditory nerve. The ventral cochlear 
nucleus is the starting point of a tract of transverse fibres, that pass horizontally inward, many 
traversing the fillet and crossing the raphe, and intermingle with those from the opposite 
side. They thus form a broad strand, the corpus trapezoides, that within the pons occupies 
the lower limit of the tegmental region, which it separates from the ventral. In Fig. 932 
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Transverse section of medulla at level H, Fig. 919; pyramids are small and inferior olivary nuclei are disappearing; 
roots of auditory nerve are entering in relation to restiform bodies. 4. Preparation by Professor Spiller. 


only the beginning of this tract is visible, but slightly higher, in the pons (Fig. 933), the 
trapezoidal fibres are shown in force. Strands of fibres from the cochlear nuclei arch over the 
restiform body and proceed beneath the ventricular floor to the mid-groove ; these mark the 
course of the striz acustice seen crossing the ventricle. Ventro-mesial to the spinal root 
of the trigeminus and the associated Rolandic substance the sucleus of the facial nerve appears 
as an irregularly oval and somewhat broken group of large stellate cells, from which the 
strands of root-fibres pass dorso-medially. 


THE PONS VAROLII. 


Viewed from in front, the pons appears as a quadrilateral prominence on the 
ventral aspect of the brain, interposed between the medulla oblongata below, the 
cerebral peduncles above, and the cerebellar hemispheres at the sides. Its lower 
and upper limits are well detined by grooves that separate the corresponding borders 
from the adjacent divisions of the brain-stem, and between these boundaries the pons 
measures from 25-28 mm. in the mid-line. Laterally, however, its limits are 
unmarked, as here the mass of the pons narrows and is directly continued on each 
side as a robust arm which sweeps downward and backward into the cerebellum as 
the middle cerebellar peduncle. The fibres of the trigeminal nerves, which are 
attached near its upper and lateral margins, are taken as the conventional lateral: 
limits of the pons, the transverse diameter measured between these points being 
about 30 mm. 

The ventral surface of the pons, strongly convex transversely and less so in 
the opposite direction, lies behind the basilar process of the occipital bone and the 
dorsum sella, It is marked by a shallow median groove (sulcus basilaris), which 
broadens as it ascends and lodges the basilar artery and is bounded on each side by a 
slight longitudinal elevation. Where the latter meets the medulla, the pyramid is seen 
to plunge into the pons beneath its transversely striated surface. The longitudinal 
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ridges are produced by the underlying pyramidal tracts in their journey through 
the pons from the cerebral peduncles to the medulla. The transverse striation 
indicates the general course of the superficial fibres towards the cerebellum. 

The lateral surface, continued from the ventral without interruption, above 
is rounded and sloping and separated from the cerebral peduncles by a distinct 
furrow. Below, it passes insensibly into the middle cerebellar peduncle, into which 
the lower and lateral part of the pons is prolonged. Whilst the superficial striation 
in a general way follows the contour of the pons, a broad band (fasciculus obliquus 
pontis) from the upper part of the ventral surface sweeps-obliquely backward and 
downward and overlies the more horizontally directed middle and lower fibres. 

The free portion of the dorsal surface of the pons contributes the upper half 
of the floor of the fourth ventricle and is, therefore, not visible until the roof of that 
cavity is removed. Above the middle peduncle, the sides of the pons are blended 
with the overlying superior cerebellar peduncles, which, in conjunction with the 
intervening superior medullary velum, complete dorsally the ring of tissue sur- 
rounding the narrowed superior end of the fourth ventricle. 


INTERNAL STRUCTURE OF THE PONS VAROLII. 


Viewed in transverse sections the pons is seen to include two clearly defined 
areas, the ventral and the dorsal (Fig. 933). The ventral part (pars basilaris) 
presents a characteristic picture in which the large pyramidal tracts are covered in 














FIG. 933. 
Abducent fibses Superion cerebellar peduncle _ 
7 , Nucleus Post, long Nucleus 
of VI fasciculus (VE Tmerging facial fibres 
Superior cerebellar [ Vestils 
peri peduncle estibular fibres 


Facial fibres 
Substantia yelatinosa 


3 a4 
Spinal root of V r, Spinal! root of V 


Facial nucleus +——Olivary peduncle 


Trapesvidal fibres — 


Superior olive 


Format) reticularis 
A ey ervemiurnt 


Mevilan fillet 





howing general subdivision into ventral and dorsal (tegmental) 
sixth and seventh nerves. + 3. : 






Transverse section of pons at level I, Fig. 919; 
areas and nuclei o! 





and excluded from the surface by a conspicuous layer of superficial transverse fibres 
(stratum superficiale pontis ), that laterally sweep backward into the cerebellar peduncle 
and are traversed by the root-fibres of the seventh and eighth nerves. The pyra- 
mids no longer appear as compact fields, but are broken up into smaller bundles by 
the transverse strands of ponto-cerebellar fibres. This subdivision becomes more 
marked at higher levels of the pons (Fig. 936), in which the interweaving of the 
longitudinal and transverse bundles produces a coarse feltwork (stratum complexum ). 
At the upper border of the pons, the scattered pyramidal bundles become once more 
collected into two compact strands, which are continucd into the central part of the 
crusta of the cerebral peduncle. The dorsal limit of the ventral field is occupied 
by a well marked deeper layer of transverse fibres (stratum profundum pontis). A 
considerable amount of yray matter, collectively known as the pontine nucleus 
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(nocleus pontis) is distributed within the interstices between the bundles of nerve- 
fibres. The cells of this nucleus, small in size and stellate in form, are closely 
related to the ponto-cerebellar fibres of the same and of the opposite side, many 
constituting stations of interruption in the cortico-cerebellar paths. 

The dorsal or tegmental part of the pons (pars dorsalis pontis) resembles , 
to a considerable extent in its general structure the formatio reticularis grisea of 
the medulla, consisting for the most part of a reticulum of transverse and longitudinal 
fibres, interspersed with nerve-cells, on each side of the median raphe. The appear- 


ance of certain new masses 
of gray matter and of nerve- 
fibres, together with changes 
in the position of the fillet, 
produce details that vary 
with the level of the section. 
When this passes above the 
lower margin of the pons 
(Fig. 933), two diverging 
and obliquely cut strands of 
fibres, coursing from the 
ventricular floor towards the 
ventral aspect, mark the root- 
fibres of the sixth and seventh 
cranial nerves and divide the 
dorsal region, on each side, 
into three areas. The middle 
area, between the abducent 
fibres mesially and the facial 
fibres laterally, contains three ; : 
importantcollectionsofnerve- Portion el cross section of pons, showing cells of pontine 


cells. One of these, the nu- 

cleus of the sixth nerve, lies close to the floor of the ventricle and beneath the 
rounded prominence of the eminentia teres, which it helps to produce, and gives 
origin to the root-fibres of the abducent nerve. These fibres take an obliquely 
ventral path, slightly bowed towards the raphe, and cut through not only the dorsal 
but also the ventral part of the pons to gain its lower border, along which they 
emerge a few millimeters from the mid-line. In favorable sections the nucleus of the 
sixth is seen separated from the floor of the fourth ventricle by the arching fibres of 
the facial nerve. 

Another conspicuous nucleus of the middle area, the superior olive (nucleus 
olivaris superior ), lies near the ventral limit of the tegmental area, partly lodged within 
an indentation on the dorsal surface of the conspicuous tract of transverse fibres, 
known as the corpus trapezoides, that extends from the ventral cochlear nucleus 
medially and materially aids in defining the ventral boundary of the dorsal area. 
The superior olive (Fig. 933) is an irregularly spherical collection of nervecells, 
interposed in the path connecting the auditory nuclei with the cerebral cortex, and 
closely related with the tract of the lateral fillet (page 1082). In addition to contrib- 
uting numerous fibres to the latter, the superior olive sends others to the abducent 
nucleus which are seen as delicate strands, the peduncle of the superior oltve, that 
pass towards the nucleus of the sixth nerve and bring this centre into relation with 
auditory impulses. A small collection of nerve-cells between the fibres of the trape- 
zoidal tract, ventro-medial to the superior olive, constitutes the nucleus trapezoides. 
Cluse to the medial border of the superior olive a small oval bundle of longitudinal 
fibres, the central tegmental fasciculus, is sometimes seen. These fibres are probably 
derived from the olivary nucleus ( Obersteiner ). 

The facial nucleus, a conspicuous but broken oval mass of gray matter 
(Fig. 933). includes several groups of large stellate cells that lie dorso-lateral to 
the superior olive and to the inner side of the emerging facial fibres. From the 
cells of this nucleus the loosely collected root-fibres of the facial nerve pass back- 
ward and inward to reach the floor of the fourth ventricle. Here they converge into 
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a compact strand that, as the ascending portion of the nerve, courses beneath the 
eminentia teres seen on the ventricular floor, close to the mid-line, until it bends 
outward and, arching around the abducent nucleus, continues ventrally as the 
emerging root-fibres. 

The ventral part of the inner area and the adjoining part of the middle one are 
occupied by the field of the mesial fillet which, at the level under consideration, no 
longer has its longest axis directed dorso-ventrally, but approximately horizontal. 
The tract now appears as a modified oval, somewhat compressed from before back- 
ward, the thicker inner end of which reaches the raphe while the tapering outer end 
lies near the superior olive. The posterior longitudinal fasciculus is seen as a com- 
pact strand, immediately beneath the gray matter of the ventricular floor and at the 
side of the raphe. To the outer side of the emerging facial fibres, and therefore in 
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the lateral pontine area, appear the substantia gelatinosa and the associated spinal 
root of the trigeminal nerve. Just behind the latter the descending vestibular root 
lies close to the inner side of the restiform body. The collection of nerve-cells 
marking Detters’ nucleus is seen beneath the ventricular floor in close relation with 
the descending vestibular root. 


Sections passing at the level of Fig. 935, and, therefore, about three millimeters above 
that of Fig. 933. show interesting details connected with the wuclet and roots of the trigeminal 
nerve. At this level the nuclei and roots of the sixth and seventh nerves are no longer seen. 
The median fillet appears on each side as a compressed oval, the long axis of which is hori- 
zontal and whose inner end almost touches the raphe. Just above the outer end of the fillet, 
the cerebral extremity of the superior olive is still visible, to which a few strands of transverse 
fibres—the last of the trapezoid body—pass. The lateral boundary of the ventral part of the 
pons is defined by a hugh tract of obliquely cut fibres that marks the entering sensory root of the 
trigeminal nerve. On following this tract dorsally it is seen to enter a large mass of gray 
matter, the sensory nucleus of the trigeminal nerve. This ganglion, composed of closely 
packed small multipolar cells, corresponds to an accumulation of the sudstantia gelatinosa, 
which, it will be remembered, is to be seen in all the preceding lower levels intimately related 
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to the descending or spinal root of the fifth nerve. A second and more compact ganglion, the 
motor nucleus of the trigeminus, lies to the inner side and slightly farther back. It contains large 
muhipolar cells, extends to a somewhat higher level than the sensory nucleus, and is separated 
from the latter by a strand of fibres which arch over the motor nucleus and then pass mesially 
beneath the ventricular floor to the raphe, where they cross to the motor nucleus of the oppo- 
site side. These fibres are part of the crossed constituents of the motor trigeminal root. Additional 
components of the latter, the descending or mesencephalic root, are seen in the interval between 
the superior cerebellar peduncle and the lateral angle of the ventricle. The mofor root itself is 
represented by several inconspicuous and broken strands of fibres that emerge from the motor 
nucleus and lie close to the inner side of the large sensory root. 

Lateral to the sensory nucleus and root of the fifth, and therefore beyond the conventional 
limits of the pons, the section includes the three large fibre-tracts of the three cerebellar 
peduncles. The most anterior of these is the middle peduncle into which the corresponding 
ventral part of the pons is continued. The next and middle tract, joining the tegmentum to the 
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outer side of the sensory trifacial nucleus, is the now obliquely cut inferior peduncle or resti- 
form body. The third and dorsal tract is part of the superior peduncle, which being crescentic 
in cross-section, is here represented by its ventral edge. The three peduncles are thus 
intimately related as they pass into the central core of white matter of the cerebellum. 

In sections passing at levels above the middle cerebral peduncle (Fig. 936), the ventro- 
lateral surface of the pons is free and unattached and passes over the rounded dorso-lateral 
border onto the free posterior surface of the projecting part of the pons. Behind, thé latter is 
blended with the robust arms, the superior cerebellar peduncles, that form the lateral walls of 
the upper part of the narrowing fourth ventricle. This latter space is roofed in by the superior 
medullary velum which stretches across the ventricle between the superior peduncles and on its 
upper surface supports the thin lamina of cerebellar cortical gray matter belonging to the lingula 
of the superior worm. 

The floor of the ventricle is grooved in the mid-line by a furrow bounded on each side by 
an elevation—the upward prolongation of the cminentia teres. The depression at the lateral 
angle of the ventricular floor is the upper part of the foz'ea superior. 

Beneath the latter are grouped the deeply pigmented nerve-cells of the sudsfantia ferruginea 
that, seen through the intervening layer of tissue, confer the characteristic bluish tint of the 
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Lobus Linguls.—The lingula, the extreme anterior end of the superior worm, is not free, 
but lies attached to the upper surface of the superior medullary velum, covered by the over- 
hanging adjacent part, lobulus centralis, of the worm, which must be displaced to expose the 
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structure in question. The lingula consists of a tongue of gray matter, composed of five or six 
nidimentary transyerse folia, that overlies the median and lower part of the superior medullary 
velum and, therefore, is behind the upper part of the fourth ventricle (Fig. 938). Occasionally 
the lingula is prolonged laterally by rudimentary folia onto the superior cerebellar peduncles, in 
which case these extensions, known as the al lingule (vincula lingulae) are reckoned as the 
lateral divisions of the lobus lingulz. 

Lobus Centralis.—The median part of the subdivision includes the second segment of the 
upper worm, the central lobule (lobulus centralis), that lies chiefly at the bottom of the anterior 
notch and is visible to only a very limited extent on the upper surface of the cerebellum. The 
central lobule consists of from 15-18 folia, but not infrequently is divided into two sets of leaflets, 
which then are collectively somewhat more numerous. It is separated from the lingula by the 
precentral fissure and from the culmen by the postcentral fissure. On each side the central 
folia are prolonged into a triangular tract that curves along the side of the anterior noteh, form- 
ing a lateral wing-like lobule, the ala (ala lobuli centralis). The two alze, in conjunction with 
the median worm-segment, constitute the lobus centralis. 

Lobus Culminis.—The third division of the upper worm includes the most prominent part 
of the upper surface of the hemisphere and, being the crest or summit of the general elevation, 
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lished being best marked opposite the superior colliculi. Above this decussation, which, how- 
ever, does not involve all of its fibres, since some ascend on the same side, the cerebello-tegmental 
tract is in large measure interrupted in the red nucleus (nucleus tegmenti rubrum), that lies within 
the upper part of the tegmental area of the cerebral crus (page 1114). The fibres not ending 
around the cells of this nucleus are continued through the subthalamic region into the thalamus, 
in relation to the cells of which they terminate. 
Of those ending within the red nucleus, the majority transfer their impulses to fibres that 
aYise from the rubral neurones and thence proceed to the thalamus in company with the unin- 


terrupted fibres. From the 
thalamus the impulses are 
Carried by the thalamo-cortical 
Paths (page 1122) to the cere- 
bral cortex, the cells of which 
are thus influenced by the 
Coordinating reflexes of the 
Cerebellum. 

A considerable part of 
the impulses conveyed to the 
ted nucleus is diverted by the 
axones of some of its neurones 
into an entirely different path, 
namely, the rubro-spinal tract, 
by which the impulses from 
the cerebellum are carried 
through the brain-stem and 
antero-lateral column of the 
cord to the anterior root-cells 
of the spinal nerves. 

From the foregoing 
descriptions it is evident that 
by means of its peduncles the 
cerebellum receives no small 

of the sensory impulses 
collected by the spinal and 
cranial nerves and, in turn, 
issues the impulses necessary 
to maintain coérdination and 
equilibrium. Such impulses 
may be entirely reflex, as in 
the case of movements per- 
formed automatically, in which 
instance the circuit is (a) 
from the spinal cord and the 
medulla, directly or indirectly, 
to the cerebellum chiefly by 
way of the tracts within the 
inferior cerebellar peduncles ; 
(6) from the cerebellum to the 
motor root-cells within the 
brain-stem and the cord by 
way of the cerebello-vestibulo- 
spinal tract and the cerebello- 
rubro-spinal tract. 

When the necessity 
arises for voluntary efforts 
in maintaining equilibrium, 
the circuit includes impulses 
from the cerebral cortex, in 
which case the cerebello- 
tubro- thalamo-cortical tract 
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and the cortico-spinal tract form the most direct path. As accessory to this an indirect path, 
impulses by way of the Cortico-ponto-cerebellar and the cerebello-rubro-spinal tracts, may be 
assumed as probably taking part in securing the necessary motor balance. 
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superior fovea, the ventricular floor presents a slightly sunken field, the locus” 
cceruleus, which extends upward to the Sylvian ecindeetaiel in fresh pepsi 
possesses a bluish gray tint in consequence of the deeply pigmented cells of the 
underlying substanua ferruginea (page 1081) showing through the ependymal layer, 


‘The accurate description of the surface markings of the ventricular floor given Retzius, 1s) 
ae oak pip erecta bs catpcter’s  caretil ssicy ot the pelasion of chose ciceatag eae : 
lying structures. The most t results of these observations, which have 
advanced our understanding of this important part of the brain-stem, may here find 0 

_ The trigonum hypoglossi is seen, especially when examined under fluid with a hand- 
to include two subdivisions, a narrow median and a broader lateral. ‘The first of these is con- 
vex, about 5 mm. long by 1 mm. wide, and corresponds to the rounded upper end of the nucleus 
of the twelfth nerve ; it is, therefore, appropriately called the eminentia hypoglossi (Streeter), 
The entire hypoglossal nucleus, however, is of much larger size (about 12 mm. long by 2 mm. 
wide) and extends some 5 mm, below the tip of the calamus scriptorius, ventral (anterior) to the 


Fic. 949. 
Colliculus inferior IV. nerve 












Superior cerebellar peduncle 


Area 0. trigemini 
N, facialis 


Area n. abducentis 
Area n. vestibularis 
Area n. cochlearis 


‘Area nuc. funic. teretis 
Funiculus solitarias 
ean. vagi 







Trigonum hypoglossi 
Trigonum or fovea vagi 


Area 1, hypogloss| 


Nucleus cuneatus 


Nucleus gracilis 


Floor of the fourth ventricle; areas corresponding to nuclei of nerves are shown on right half of 
figure. © 9. (Streeter.) 


vagus nucleus and nucleus gracilis. Lying immediately above the hypoglossal eminence is a 
second and somewhat less pronounced elevation, formed by the nucleus funiculi teres and meas- 
uring nearly 6 mm. in length by 1 mm. in breadth, Lateral to these two median elevations and 
limited externally by the ala cinerea, lies a wedge-shaped field that is insinuated between the 
h eminence and the vagal trigone. It stretches from the acoustic striz above to the 
nib of the calamus scriptorius below. This field, named the erea p/umiformis by Retzius on 
account of its feather-like markings, is regarded by Streeter as corresponding to a group of cells, 
the nucleus intercalatus, that occupies a superficial position in the ventricular floor and partly 
overlies the hypoglossal nucleus. 

The fovea vagi (ala cinerea), which lies lateral to the nucleus intercalatus, corresponds to 
the middle and superficial third of the yago-glosso-pharyngeal nucleus, the entire extent of the 
latter including a tract measuring about 13 mm. in length by 2 mm. in breadth, that stretches 
fromy beneath the vestibular nucleus above to over 2 mm. beyond the inferior angle of the 
ventricle. The lower third of the area of the vagus nucleus is partly within the ventricle; 
immediately above the obex this intraventricular portion is covered by a layer of loose vascular 
tissue and appears as an upwardly diverging pointed field, area postrema of Retzius. This is 

from the ala cinerea by a translucent ridge, the funiculus separens, composed of 
ependymal neuroglia (Streeter). 


! Das Menchenhirn, 1896. 
"Amer, Journal of Anat. Vol II, 1903. 
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marks the line al ng Wie it ropttbnes of the third cranial nerve emerge. On 









portion, 
edian furrows, and contributes largely to the the art of the 
peduncle. "When tried, apward found to enter. the cerebral Beit phed aid 
‘be continuous with the internal capsule, It contains the great motor tracts and 
is the chief pathw: which efferent cortical impulses are transmitted to the lower 
lying centres. The tegmentum, on the Soap bis a’ general way is associated 
with the sensory tracts, and, aboye, enters the Jamic region (page 1127). 
The dorso-lateral surface of the mid-brain, just where it passes into that of 
the superior cerebellar peduncle, shares with the latter a triangular area, the trigo- 
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cus on of fourth nerve 
Sylvian aqueduct 

Central gray substance 

Mesencephalic root of trigemimus: 








Pyramidal tracts 


‘Transverse section of brainstem at level L (Fig. 919), junction of and mid-brain ; superior cerebellar pedun- 
cles are beginning to decussate ; (rochlear decussation seen above Sylvian aqueduct, Weigert-Pal staining. & 3 
Preparation by Professor Spiller. 


num lemnisci, which, as implied by its name, is related to the underlying and 
here superficially placed tract of the fillet (lemniscus). Above, this area extends 
as far as the inferior brachium and is limited in front by the sulcus mesencephali 
lateralis, whilst behind it is defined from the superior cerebellar peduncle by a slight 
furrow (sulcus limitans posterior). When closely examined the triangular field is seen 
to be subdivided by a faint groove into an upper and a lower area, which correspond 
with the underlying fibres of the lateral and of the mesial fillet respectively. A 
superficial strand of fibres, the tractus peduncularis transversus, is sometimes seen 
crossing the lateral surface of the mid-brain. It appears on the dorsal aspect of the 
Jatter, Barres the inferior brachium and the median geniculate body, winds around 
the latero-ventral surface of the peduncle and disappears in the vicinity of the 
body, According to Marburg, the strand establishes a connection 
between the optic tract and a nucleus in the floor of the third ventricle and represents, 
in a rudimentary condition, the basal optic root found in many animals. 
The Sylvian aqueduct (aquaeductus cerebri) represents the cavity of the middle 
brain-vesicle and, therefore, is lined with an ependymal layer continuous above and 
below with that clothing the interior of the third and fourth ventricles. As seen in 
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‘The most conspicuous object within the tegmentum in the superior half of — 
‘the mid-brain isa large round reticulated field on each side of the median raphe, — 
a narks the position of the red nucleus (nucleus ipl ‘This body, also 
called the nucleus of an irregular ovoid form (Fig. 963) and of a reddish 
tint whe etre ts lower limit corresponds with the le 
spec da oe Pesren eels abinecaiaicrenare peat ores ee 2. 
converges as it ascends, so sare pk era of the two 
irae (sth tnicknie avid stearea each other than the lower poles, Each nucleus ~ 

t of a complex of gray matter and nerve-fibres. The latter erate 
below, where the red nucleus receives the fibres of the superior r peduncle, 
and are much less numerous above, since many fibres come to an end around the 
rubral cells, These elements are very variable in shape and size (.020.-060 mm. ), 
but are most often irregularly triangular or stellate. The red nuclei constitute not 





‘Transverse section of mid-brain at level O (Fig. |, passing thro | colliculus and geniculate ik 
seh geciens. and nyclei and root-fibres of Scalcnuaniiomtcre: Weinerc fat ret * g. Preparation by 


only important stations in the path connecting the cerebellum and spinal cord, but 
also probably contribute links in chains uniting the cerebral cortex and the internal 
nuclei with the cord, Whilst some of the constituents of the superior cere 
peduncle pass around the red nucleus and continue as cerebello-thalamic fibres wninter- 
aed! to the optic thalamus, the majority of the fibres of this arm end around the 

of the nucleus, Of these many give off axones that proceed brainward as rubro- 
thalamic fibres ; others emerge from the ventro-medial surface of the nucleus, crass 
the mid-line (decussation of Fore!) and bend downward as the rubro-spinal tract. 
The latter descends within the tegmentum of the mid-brain and pons, traverses the 
medulla and finally enters the lateral column of the cord as one of the important but 
uncertainly defined descending tracts. Other fibres enter the red nucleus on its 
lateral aspect and establish connections between the cerebral cortex (Dejerine), and 
probably also the corpus striatum (Edinger), and the nucleus. From the cells of 
the latter the path is continued by fibres which join the rubro-spinal tract, and in 
this manner establish an indirect motor path that supplements the cortico-spinal 
tracts identified with the pyramidal. 
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within the pituitary fossa on the base of the skull, just in advance of the dorsum sella : 
(Fig. 996). Above, the foes is closed by ipevompaerepy ger 


it 
1 


body 
" I feptif she Mrger ani 08 ¢ acter naenlees epee 
oe ear atten me 
anterior 

two lobes Se amiticeed: eee 

as to structure and’ probably BR apa 

Pe aaped The anterior lobe is formed as an outgrowth peepee 
the posterior lobe first appears as a ventral evagination from the diencephalon 

Castian ian the tcomecry ceasory Orga of Nu itiod cpageerees) ack: theless aa 

utrition el u 
for no pee Naseem § in this place. = 


FiG. 977. 





Transverse section of pituitary body, showing relation of anterior (oral) and posterior (cerebral) lobes, >< 7. 


The posterior lobe of the pituitary body is lighter in color and softer in con- 
sistence and directly attached to the floor of the third ventricle by means of its stalk, 
the infundibulum. During the early stages of its development, this lobe is repre- 
sented by a tubular outgrowth whose partake of the general character of the 
adjacent ioraks-vialichs ter the lumen ascae the lower end of the diverticulum dis- 
appears in consequence of thickening and approximation of its walls, a funnel-shaped 
recess of variable depth within the infundibulum alone remaining. In the adult con- 
dition, the posterior or cerebral lobe retains few histological features suggesting its 
nervous origin. Of the demonstrable interlacing fibres, with fusiform Pe 
and elongated nuclei, none can be identified as nerve-fibres, while of the numerous 
cells which the lobule contains, only a few of large size and pigmented cytoplasm 
uncertainly resemble nervous elements. With the exception of possibly neurogtliar 
cells, the existence of definite nervous tissue within the cerebral lobe of the mature 
human hypophysis is doubtful. 

The optic tracts and commissure are elsewhere described (page 1223), 
suffice it at this place to mention their relation to the interpeduncular structures. 
The optic tracts diverge backward and wind around the ventral surface of the cere- 
bral peduncles (Fig. 993). Their medial ends are fused into a transversely flattened 
white band, the optic commissure or chiasm. The latter is connected with the front 
surface of the tuber cinereum, whilst above the chiasm the anterior wall of the ventricle 
consists of a delicate sheet of gray matter, the lamina cinerea (lamina terminalis). 
This structure lies in the mid-line, passes almost vertically upward, with a slight 
forwardly directed curve, and becomes continuous with the rostrum of the corpus 

















1134 HUMAN ANATOMY. 


and rounded, as it lies within the middle fossa, but traced backward it passes 
insensibly into the fenforial area, supported by the tentorium cerebelli. This area 
is concave from before backward and directed inward as well as downward, in 
Seri eee with the characteristic curvature of the tent-like dural septum. 
borders separating the surfaces of the hemisphere are the dorso-mesial, 
the infero-lateral and the infero-mesial. The dorso-mesial border intervenes 
between the mesial and lateral surfaces and, therefore, follows the arched contour of 
the hemisphere beneath the vaulted calvaria. The infero-lateral border, between 
the lateral and inferior surfaces, is better defined in front, where it separates the orbi- 
tal area from the external surface as the arched superciliary border (Cunningham), 
than behind, where it is so rounded off as to scarcely be recognizable as a distinct 
margin. The infero-mesial border intervenes between the mesial and the inferior 
surface of the hemisphere. It is well marked in front, where it limits the orbital area 
mesially, and again behind, where it corresponds to the line of juncture between 
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Lateral) aspect of left cerebral hemisphere; dorso-median surface is somewhat foreshortened ; red lines indicate 


boundaries speeemg periecal, temporal and occipital lobes; r, Rolandic fissure ; s. g.. 1. g., its superior and inferior 
gen 5S}, S*, 53, @sc., vertical, horizontal, posterior and ascending limbs of Syiviaw fissure; £. p. 6, 5. Pe Gy 
iiferior and superior precentral ; of f., su and inferior frontal; p, m.. paramedian ; w./., mid-frontal ; a... 


1; sh. fe ? 

diagonal, here continuous with ‘inferior precentral ; , 6, inferior, ior, horizontal and occipital limbs 
ot fer jf. 0, parieto-oceipital; 7, # SR af bd gta 1 ‘and ite uplumed limb; 4, @ lye middle 
temporal and its upturned limb; ¢. o., transverse occipital; /. o., lateral occipital; 4., arm centre; #. 7 @., pars 
basalis, triangularis and orbitalis ; Arc. p-0., arcus parteto-chcinlialia, 


the falx cerebri and the tentorium and marks the division between the mesial surface 
and the tentorial area, This margin has been designated the ‘aernad occipital border 
by Cunningham. 

The extreme anterior end of the cerebral hemisphere is known as the frontal 
pole (polus frontalis), and the most projecting part of the posterior end as the 
occipital pole (polus occipitalis), while the tip of the subdivision of the hemisphere 
which projects below the Sylvian fissure constitutes the temporal pole (polus tem- 
poralis). A short distance behind the latter, the inferior surface exhibits a well 
defined fetrosal depression (impressio petrosa); this is caused by the elevation cross- 
ing the petrous portion of the temporal bone which corresponds to the position of 
the superior semicircular canal. Under favorable conditions of hardening, the infero- 
mesial aspect of the occipital pole sometimes displays a broad shallow groove which 
marks the commencement of the lateral sinus. The groove is usually better marked 
on the right side than on the left, in accordance with the larger size of the right 
sinus as commonly found ; occasionally these relations are reversed, and frequently 
no groove is recognizable on the side of the smaller sinus. In brains hardened im 
sifu, the gently arching curve of the hind-half of the infero-lateral border of the hemi- 
sphere is interrupted by a more or less evident indentation, the preoccipital 
notch (incisura_pracoccipitalis ), at a point about 3.75 cm. (1% in.) in front of the 
occipital pole (Fig. 980). This notch, prominent in the child but later variable in 
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owing to a marked lar backward projection of the substance of the preci 
convolution, mtnatad bout the junction of the upper and middle thirds of the fissure. / 
In consequence, the fissure presents in this part of its course a distinct curve, with 
the concavity directed forward, the upper and lower limits of this bend consti- 
tuting the and the inferior genu respectively (Fig. 980). The cortical 
tissue filling this recess is of importance, since it abs the part ot te Gleam 
rus devoted to the motor centre for the arm. Below the inferior genu the fissure 
ends almost vertically, its lower end often bending slightly backward. The 
angle which the general direction of the central fissure makes with the mesial plane 
in the adult brain is on an average 71.7° (Cunningham), the Rolandic angle, as it 
is called, of the two sides subtending therefore about 143° (Fig. 984). 
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aspect of cerebral hemispheres; LF, longitudinal fasure; r., #, Rolandie fissure; tg, its superior 
#077 rn pen seprrior precentral; 4. /, if eaperior and inferior frontal ; pr, paramedian PsP ope 
Canis ahd horizontal and occipital limbs of interparictal; -o, parieto-occipital; ¢.e., £0., 
lateral 1; Sase, ascending limb of Sylvian; ¢!asc., ¢axc., ascending limbs of superior and middle temporal. 


Since the central fissure is usually developed from two separate parts, a longer 
lower and a short upper (Cunningham, Retzius) which later become continuous, @ 
déep annectant gyrus is generally found crossing the bottom of the sulcus at the 
junction of its upper and middle thirds, In exceptional cases the original separation 

continued by the deep annectant gyrus maintaining its superficial relations, the 
adult fissure then being interrupted by the bridge which ordinarily is limited to the 
bottom of the cleft. As a variation of very great variety, completed doubling of the 
central fissure has been observed. 

The parieto-occipital fissure (fissura parieto-occipitalis) is seen chiefly on the 
mesial surface of the hemisphere (Fig. 987), where it appears as a deep cleft which 
extends from a point on the supero-mesial border of the hemisphere, about 4 em. in 
front of the occipital pole, downward and forward. This inner part of the fissure, 
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cerebrum. It appears on each of the three aspects of the hemisphere and has, 
therefore, a dorso-lateral, a mesial and an inferior surface. On the external 

of the it is bounded behind by the central fissure, which separates it irom 

retecgrahe , and below by se fore-part of the Sylvian fissure, which intervenes 

andthe tem On the mesial surface the frontal lobe includes 

off by the calloso-marginal suleus, the longer u limb 

ending behind ihe central fare On the inferior surface of the pate 

lobe includes the concave orbital area, bounded behind _by th 
eee ene re faring which sulcus thus separates it as dc opti 


the principal fissures on the dorso-lateral surface of the frontal lobe ave: (1) the 
“ile (2) the superior precentral, (3) the superior i and (4) the 
inferion The inferior precental sulcus which consists of a longer vertical 
and a ee transverse limb and has a general 7 or T form. The jeceal limb 
begins above the fissure of Sylvius and in front of the central fissure and extends 
upward parallel to the latter and separated from the lower of the precentral 
convolution. The horizontal limb 
Fic. 985. passes obliquely forward and upward 
and cuts for a variable distance into 
the middle frontal convolution, Frre- 
quently the inferior precentral sulcus 
is directly continuous with the inferior 
frontal furrow; sometimes it opens 
below into the Sylvian fissure and 
above may join the superior. 
Thesuperior precental sulcus 
prolongs upward the anterior boun- 
dary of the precentral convolution. It 
lies parallel with the upper half of the 
Rolandic fissure, but does not usually, 
although sometimes reach the upper 
margin of the hemisphere, Almost 
constantly it receives the terior 
end of the superior frontal sulcus with 





we i “caper pale gsr mecca one gh fasures po which it forms a 4 shaped furrow. 
J, mitk-frontal; /wr,, fronto-marginal. The superior frontal sulcus 


extends forward from the preceding 
fissure with a course which corresponds in general with the supero-mesial es 
of the hemisphere and thus marks off a longitudinal marginal tract. the su 
frontal convolution. Anteriorly the superior frontal may join the median tal 
sulcus, while its posterior end may incise the precentral convolution. Often the 
course of the fissure is interrupted by superficial annectant gyri which connect the 
adjacent borders of the upper and middle frontal convolutions, 

The inferior frontal sulcus begins behind in the interval between the hori- 
zontal and yertical limbs of the inferior precentral furrow, or in confluence with one 
of these. In its general course it arches forward and downward towards the anterior 
or superciliary margin of the hemisphere and terminates a short distance behind 
this border by bifurcating into a transverse limb. The line of the fissure is often 
obscured by superficial annectant gyri and complicated by small secondary furrows 
which pass tom | it into the bordering middle and inferior frontal convolutions, 

The convolutions on the dorsolateral surface of the frontal lobe are the pre- 
central, the superior frontal, the middle frontal and the inferior frontal. 

The precentral gyrus (gyrus centralis anterior), also known as the as 

rental, is bounded behind by the central fissure and in front by the superior and 
inferior precentral sulci. Below itis limited by the Sylvian fissure, whilst its u pper 
end is continuous with the paracentral lobule of the mesial surface. Anteriorl i is 
connected with all three frontal convolutions. A short distance above its middle, i it 
sends backward a conspicuous projection, triangular or rounded in outline, which 


encroaches upon the postcentral gyrus and correspondingly modifies the line of the 
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(66, ispends or with both (55 Bc eae ea limb may remain ununited 

When joined, th form a continuous postcentral 

Shit aecallels the fissure of Rolando, and bounds the postcentral coneceaas 
en oe ee, the inferior postcentral sulcus opens below into 


‘Sylvian fissure. 
ee ie ostcentral sulcus lies behind and parallel with the upper part: 
of the fissure ining the superior margin of she hestinaiate between the 

incisions a ne Roane and the ipeaned end of the calloso-marginal sulcus. 
tin 59 per cent. of the brains studied by Retzius the fissure was confluent 

with the horizontal ere ae ese it remained isolated, 

Sargeras mb backward and slightly upward and separates the 
convolutions from each other. _ It is usually continuous 
in Eeuiceinicten one or me other or with both postcentral sulci and behind with the 


e- 
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Lateral aspect of leit side of brain. £7, Hook ee sauces e. +s r., Rolandic fissure; ¢. nlerior and 
superior superior and ‘inferior fron el Roy erior and ascen ing fe of Reh 
fissure; fee ner inferior, ou ior, horizontal and occipital Puke ‘of interparictal ; p-a 9, paricto-oce pital 
4 @,, transverse atid jateral oa ital; @, fase., superior temporal and its upturned limbs . Fasc., midi Seed 

upturn 


posterior or occipital limb. As a rule it joins a continuous postcentral sulcus, in 
which case the three furrows form a shaped fissure, which subdivides the parietal 
lobe into its three main convolutions. 

The occipital limb is usually attached to the horizontal one and then 
prolongs the interparietal sulcus into the occipital lobe, Sometimes, however, it 
retains its original independence and is separated from the ramus horizontalis by a 
deep annectant gyrus. It is irregularly curved and marks the lower boundary of the 
srs, the arcus parieto-occipitalis, which receives the outer end of the parieto- 

fissure, Beyond the line of this furrow, the sulcus lies in the occipital lobe 
aa hind the arcus parieto-occipitalis ends by bifurcating into two widely divergent 
arms, which constitute the transverse occipital sulcus. 

The chief conwo/utions on the external surface of the parietal lobe are three—the 
postcentral, the superior parietal and the inferior parictal, 

The postcentral gyrus, also called the ascending parietal, forms the posterior 
wall of the fissure of Rolando, and itself is bounded behind by the postcentral suleus, 
either by the continuous fissure or by its two divisions. The lower end of the gyrus 
is connected with the precentral convolution in front and with the inferior parietal 
one behind by the annectant gyri closing the lower ends of the central and postcen- 


of 
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directly continuous, and upon the recognition of an arbitrary line which 
may be drawn, as Sn adage bana ira a 
nee eee the isthmus of the limbic lobe, just below the splenium of 
prank Ls 


STi cierkal ain ace of the occipital lobe is modelled by two well-defitved Sane 
the transverse occipital and the lateral occipital, and by two somewhat uncertain 
convolutions, the superior and the inferior she sik (Fig. 988). 

The transverse occipital sulcus is, as above pointed out, the widely diver- 
gent terminal bifurcation of the interparietal fissure, whose last segment beyond the 
outer end of the parieto-occipital sulcus enters the occipital lobe to end in the manner 





just i 
Fic. 989- 
. 
Inferior wre cerebral hemi ¢0., internal, transverse and ee a fissures ; 
Seton pH neat cal, ee “col., collateral ; o-#., occipito-temporal fiss! 


The lateral occipital sulcus arches horizontally forward below the lower end 
ms oe preceding furrow, not infrequently dividing into an ascending and a descending 


The superior and inferior occipital gyri are the upper and lower areas into 
which the outer aspect of the occipital lobe is somewhat uncertainly subdivided by 
the lateral occipital sulcus. Secondary furrows and ridges often obscure the charac- 
teristic modelling of this surface, whilst annectant convolutions connect its gyri with 
the parietal and temporal lobes. 

The mesial surface of the occipital lobe presents one sulcus, the calcarine fissure, 
a triangular tract, the cuneus, and part of the gyrus lingualis. 

The calcarine fissure begins by a forked extremity, the longer lower limb of 
which incises the occipital pole in the impression made on the hemisphere by the 
lateral sinus. It then continues forward, slightly arched, a short distance above the 
border of the lobe formed by the junction of the falx cerebri and the tentorium, and 
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inferior temporal (Fig. 988), all of which correspond in the general direction 
+ their course with the fcatine limb ch the Sylvian, feenire ai extend hacky 


and slightly upward. 
a ‘ : ee called the parallel! sulcus in ition 
i of its course with that é posterior limb of the Sylvi ; 
the first in ‘the series of longitudinal furrows, the third of which seein COCA 
outer, but on the inferior aspect of the lobe. It begins near the temporal pole, runs. 
ene the posterior ute ie bape lca fissure and ends by cutting upward. 
inferior parietal con ’ et 
! iy of he ules a ution, w! angular gyrus surrounds the uptarniesy 
_, The temporal sulcus, the second in the series, lies below the pre- 
ceding fissure, whose rection in a general way it follows, It is, however, a 
less certainly marked and in Most cases is not a continuous furrow, as is the superior 
sulcus, but broken by superficial annectant convolutions into a number of separate 
pieces, the exact sequence of which is often difficult to follow, The upturned end of 
oe seit biden suleus pomeats es lower parietal conyolution towards the pos- 
ior lim  interparietal sulcus (Fig. i it is separa 
rte ce a oe (Fig. 988) from which, however, it is ted 







Fic. 990. 


Rolandic fissure 





Right cerebral hemisphere, with opercula displaced to expose island of Reil. 


The superior temporal gyrus intervenes between the posterior limb of the 
Sylvian fissure and the superior temporal sulcus. Its lower end lies at the temporal 
pole, whilst above the tract is continuous with the supramarginal and angular gyri 
of the parietal lobe. 

The middle temporal gyrus, between the upper and middle temporal sulci, 
is connected with the subjacent convolution by the bridges which interrupt the sec- 
ond temporal furrow. Above and behind it is continuous with the angular and 

ietal convolutions, 

The inferior temporal gyrus occupies the rounded infero-lateral margin of 
the hemisphere, and appears on both the lateral and the inferior surface of the lobe, 
being continuous with the occipital lobe behind (Fig. 988). Its upper boundary, 
formed by the middle seainticall sulcus, is indistinct ; its lower and mesial limit is 
defined by the inferior temporal sulcus, which separates it from the occipito- 
temporal gyrus. 

The inferior suxface of the lemporal lobe is rounded in front, where it rests in 
the anterior cerebral fossa, but behind is modelled by the upper surface of the ten- 
torium cerebelli and is, therefore, concaye from before backward and slightly convex 
from side to side. It presents one fissure, the inferior temporal, and one conyolu- 
tion, the anterior part of the occipito-temporal. 

The inferior temporal sulcus, also called the occipzto-temporal, courses longi- 
tudinally a short distance internal to the infero-lateral border of the hemisphere and 
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dependent apex of the insula lies close to the anterior perforated space, with the 
yray matter of which the cortical sheet of the island is continuous by way of 
a transitional area, known as the /imen insul@, where the limiting sulcus of the 
island is incomplete. In addition to being imperfectly separated from the surround- 
ing opercula by the curved limiting sulcus (sudcus circularis insula), the island 
is divided into an anterior and a posterior part by the sudeus centralis insule. 
This furrow continues in a general way the downward and forward direction of the 
fissure of Rolando, the deeper part of which is seen above the island (Fig. 991). 
The anterior part, or precentral lobule, is subdivided by two, sometimes by three, 
shallow grooves into three or four short downwardly converging ridges, the gy77 
éreves, of which the front one is connected with the deeper part of the inferior 
frontal convolution by a small arched annectant gyrus transversus. The hind-part 
of the island, the fostcentral /obule, includes a longer wedge-shaped tract, the gyrus 
fongus, which below is continuous with the limbic lobe. The gyrus longus is 
frequently subdivided by one or more shallow furrows into secondary ridges. 
The Limbic Lobe.—The limbic lobe (gyrus fornicatus ) appears on the mesial 
and inferior surfaces of the hemisphere (Fig. 987) as an elongated o-shaped tract, 
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whose ends lie closely approximated with each other and with the anterior per- 
forated space. These extremities are further intimately associated with the two limbs 
of the olfactory tract, in this manner the limbic and olfactory lobes becoming, at 
least topographically, continuous. The limbic lobe comprises two parts, an antero- 
superior and an inferior, of which the former, the ca//osal gyrus, lies concentric 
with the upper surface of the corpus callosum, and the inferior part, the Asppo- 
campal gyrus, forms the mesial tract of the tentorial surface of the hemisphere. 
The limbic lobe is separated from the adjacent convolutions by the calloso-marginal 
sulcus in front and above, by the postlimbic sulcus behind, and by the anterior 
part of the collateral fissure below. Its demarcation from the anterior part of the 
temporal lobe is effected by the inconspicuous rhinal sulcus (fissura rhinica), or 
incisura temporalis, which feeble furrow in man represents the important and 
fundamental ectorhinal fissure of the lower animals. 

The callosal gyrus (gyrus cinguli), also called the gyrus fornicatus (not to be 
mistaken, however, with the same name as applied to the entire limbic lobe), begins 
at the anterior perforated space, below the recurved rostrum of the corpus callosum, 
Thence it winds around the genu of the latter and follows the convex dorsal surface 
of the corpus callosum, separated however from it by the narrow callosal sulcus 
(sulcus corporis callosi). On reaching a point just below the splenium, around which 
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decrease in size as they approach the inner border (Foville). The substance of 
the space proper consists of a thin sheet of gray matter containing groups of 
nerve-cells, some of which constitute the nuclei of primary centres interposed in 
the paths connecting the olfactory lobe with the secondary (cortical) olfactory 
centres (page 1222). In addition to the white strands of nerve-fibres composing 
the olfactory striz which after a longer or shorter superficial course sink into the 
substance of the perforated space, an obliquely directed narrow ribbon-like tract, 
the diagonal band of Broca, may be sometimes made out along the inner margin 
of the area perforata. In front it is continuous with the subcallosal gyrus and 
behind passes ‘along the optic tract towards the anterior end of the hippocampal 
convolution. The band is of interest as being probably the beginning, on the 
s basal surface of the brain, of at least 

a part of the fibre-tracts contained 
within the rudimentary supracallosal 
gyrus (page 1157) that, in turn, is 
prolonged into the gyrus dentatus. 
The uncus is the thickened 
anterior extremity of the gyrus 
hippocampi, recurved around the 
front end of the hippocampal fissure 
(Fig. 992). Antero-inferiorly it is 
separated from the adjacent part of 
the temporal lobe by the inconspicu- 
ous incisura temporalis or rhinal 
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lar area 
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Granular layer sulcus, which in animals possessing 
a well developed rhinencephalon 

: constitutes a definite boundary be- 

Layerof mitrat tween this part of the hemisphere 


and the pallium. With its deeper 
surface the uncus is in close relation 
with the anterior perforated space, 
whilst postero-mesially itis connected 
with the fimbria (page 1165) and 
the gyrus dentatus (page 1166). 


Molecular layer 


oneal Although seemingly a part of the 
limbic lobe, the comparative studies 
Blood-vessel of Turner and of Elliot Smith have 


established its morphological inde- 
pendence from the last-named lobe 
and emphasized its relation with the 
rhinencephalon. With the lateral 
: olfactory stria, the uncus constitutes 
ra ET inoe central te otro ubie veatricfiareracs Pat in man the feeble representation of 

the large and conspicuous pyramidal 
lobe, which in many animals forms the most massive part of the olfactory brain. 

The accessory parts of the rhinencephalon include structures which, for the 
most part, constitute collectively an elaborate path by which the olfactory cortical 
centres are connected with each other, on the one hand, and with the optic thalamus 
and lower levels on the other. Since these structures are by position closely asso- 
ciated with parts of the brain still to be described, with the exception of the anterior 
perforated space already noted (page 1153), they will be merely mentioned here, as 
components of the rhinencephalon, their details being deferred until the related parts 
are considered. 

The fornix (page 1158), the fimbria (page 1165) and the hippocampus 
(page 1165), all seen within the lateral ventricle (page 1164), constitute important 
paths by which fibres pass to and from the olfactory cortical centre. The gyrus 
subcallosus (paye 1153), the gyrus supracallosus (page 1157) and the gyrus 
dentatus (page 1166) together form an additional arched tract, which, beginning at 
the base of the brain, follows closely the convex surface of the corpus callosum as far 
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prolonged into the sharply recurved and tapering rostrum, whose thin edge is 
continued backward eel Combes’ into the tat cinerea, the attenuated anterior 
wall of the third yentricle (page 1132). The rounded and massive posterior end of 
the corpus callosum, known as the splenium, overlies the pineal body andthe 
superior colliculi, and above bounds the cleit through which the pia mater gains 
the velum interpositum (page 1162). 

The convex upper surface of the corpus callosum, where it forms the bottom of 
the longitudinal fissure, is free, except behind where in contact with the posterior 
part of the falx cerebri ; laterally it is partially overlaid by the callosal gyrus, which, 
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Mesial section of brain ér sifu, showing relations to skull and dura; cerebral falx has been partly removed, bat 
arachnoid and pia are still in place. 


however, is separated from it by the intervening cad/osa/ sudcus (sulcus corporis callosi). 
Although consisting practically exclusively of transversely coursing nerve-fibres, 
which produce a corresponding cross striatum, the upper suriace of the corpus 
callosum (Fig. 997) is covered by a thin atrophic layer of gray matter (induseam 
griseum) which laterally is continuous with the cortical substance of the callosal 
and contains rudimentary strands of longitudinal nerve-fibres. These are 
arranged on each side of the slight groove marking the mid-line in two strands ; the 
one, stria medialis, is placed close to the strand of the opposite side and with 
it constitutes the so-called nerves of Lancisi. The other strand, the stria lateralis, 
or tenia tecta, lies farther outward and is covered by the overhanging callosal 
These rudimentary structures, including the thin sheet of gray matter and the two 
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narrow triangle, the posterior and broader part of which corresponds with the attach- | 
ment of the fornix to the under surface of the corpus callosum ; whilst the anterior | 
part is a mere mesial strip denoting the line along which the arching fornix is blended 
with the septum lucidum, the sickle-shaped partition that fills the interval between 
the corpus callosum and the fornix and separates the anterior horns of the lateral yen- 
tricles. On either side of the attached field, the fornix presents a smooth and some- 
what thicker depending pon ties zone, which forms part of the floor of the lateral ventricle and, 
n the size and distention of the ventricular space, either extends later- 
asa alas «born directed wing that overlies a part of the thalamus, or descends 
thalamus upon whose upper surface the margin of the fornix 
rests. ek triangular central sheet of the fornix, bounded by its unattached 
caargios laterally and the splenium behind, exhibits transverse striation due to the 
ke bundles of commissural fibres connecting the hippocampi of the two sides, 
part of the fornix constitutes the commissura hippocampi, also known as the 
psalterium or lyra. A narrow horizontal cleft, the so-called ventricle of Verga (cavum 
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of the fornix. The septum consists of two thin layers (laminae septi pellucidi), 
between which lies a narrow cleft (cavum septi pellucidi) to which the misleading 
name, fifth ventricle, has long been applied. This space, very variable in extent 
and width, is usually so narrow and contains such a small quantity of modified 
lymph, that the lamince forming its walls are in apposition. _ It is entirely closed and, 
therefore, cut off from the true ventricular system ; neither is it lined with ependyma. 
The septum lucidum in man is the rudimentary representation of what in many 
of the lower (macrosmatic) animals is a much more important tract of cortical 
substance. In some animals, as for example, the rabbit, cat and dog, the septum 
is solid, a cleft never appearing within it. Notwithstanding the reduction which 
it has suffered in man, the septum exhibits in its structure its relation to the 
cortex, comprising, from its cleft outward : (1) a thin layer of nerve-fibres, (2) an 
uncertain layer of gray matter containing numerous nerve-cells of pyramidal form, 
and, next to the lateral ventricle, (3) a layer of nerve-fibres, the ventricular surface 
of which is clothed with 
FIG. 999. the usual ependyma. It 
Body ne fornix is probable that axones 
proceeding from the cells 
within the septum lucidum 
are constituents of the 
olfactory strands within 
the fornix, which pass to 
the hippocampus and the 
uncus, and of the tenia 
F semicircularis (page 
Milarot 1162), terminating in 
ornix the amygdaloid nucleus 
_ (page 1172). 
Mami _ The Lateral Ven- 
lary body tricles.—The lateral 
ventricles (ventricula late- 
rales) are a pair of irreg- 
ular cavities contained 
within the cerebral hemi- 
spheres. They are devel- 
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a time communicate with this space by wide openings. The latter, however, fail to 
keep pace in their growth with the expansion of the hemispheres, and in the fully 
developed brain are represented by the small apertures, the foramina of Monroe, 
which maintain communication between the lateral and third ventricles, the last- 
named space representing the primary cavity of the fore-brain. 

When viewed from above, after removal of its roof, the corpus callosum and its 
lateral extensions, each lateral ventricle appears as an elongated, irregularly curved 
cavity (Fig. 1000), which extends for about two-thirds of the entire length of the 
hemisphere and, in addition, penetrates the temporal lobe almost to its pole. It 
is lined, as are all the other true ventricles, with a delicate epithelial layer, the 
cpendyma, which likewise clothes the structures which encroach upon its lumen, as 
the caudate nucleus and the thalamus, as well as those which seemingly hang free 
within it, as the choroid plexus and the fornix. It is usual to describe the ventricle 
as consisting of four parts, the dody, and the anterior, posterior and inferior horns. 
The anterior horn and the body are practically one and separated by only an arbi- 
trary division ; the posterior and the inferior horn extend into the occipital and the 
temporal lobe respectively, whilst the anterior horn enters the frontal lobe. 

The anterior horn (cornu anterius) includes from the tip of the ventricle to 
the foramen of Monroe, the latter corresponding with the anterior limit of the con- 
spicuous choroid plexus, curves forward and outward around the head of the caudate 
nucleus into the white substance of the frontal lobe and in frontal sections (Fig. 
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horn to its lower end. On turning aside the vascular fringe, its relations to this 
part of the ventricle will be found to be identical with those exhibited in the body 
of the ventricle, since here, as there, the vascular complex is everywhere covered 
by the thin layer of reflected ependyma and, therefore, excluded from actual 
entrance into the ventricular space. Tracing the line of attachment of the reflected 
ependyma, which alone represents the true ventricular wall closing the crescentic 
choroidal fissure along the dorso-mesial aspect of the inferior horn, it will be 
found to be continuous with the thin lateral edge of the fimbria throughout the 
entire length of this attenuated margin, just as it is connected with the fimbria 
within the body of the ventricle. Passing from this line of attachment (teenia 
fimbriz) over all the villous projections of the choroid plexus, the reflected 
ependyma returns to the thicker ventricular wall, which it joins along the mesial 
border of the roof. Thence the ependyma remains in close contact with the 
remaining parts of the walls of the inferior horn, all the surfaces of which, including 
those formed by the hippocampus and the collateral eminence, it covers. From 
these relations (Fig. 1005) it follows that the fimbria in large part is excluded, 
as are some other parts of the fornix, from the ventricle, only that portion of its 
surface which extends from its sharp lateral border to the underlying hippocampus 
forming, strictly regarded, a part of the ventricular wall. The rounded mesial 
border and the dorsal surface of the fimbria belong to the free mesial surface of 
the hemisphere. 
The dentate gyrus (fascia dentata) is part of an atrophic convolution belong- 
ing to the rhinencephalon (page 1151), and as such belongs systematically to that 
division of the hemisphere. 
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that it is satisfactorily dis- 
played only after the over- 
hanging parts of the thala- 
" mus and cerebral crura are 
\. Hippocampus removed. On cutting away 
és Gyrus hippocampi these structures and drawing 
Collateral fissure i 
downward the hippocampal 
gyrus, a narrow band of gray 
matter, notched and corru- 
gated by numerous minute transverse furrows, is seen protruding between the free 
rounded mesial border of the fimbria above and the hippocampal fissure below (Fig. 
992). This band is the gyrus dentatus. On examining frontal sections passing 
through the inferior horn of the lateral ventricle (Fig. 1005), the relations of the 
dentate gyrus will be appreciated. In such preparations the gyrus appears as the 
free, somewhat thinned off edge of cortical gray matter, which is pushed to the 
surface just below the choroidal fissure through which the pial tissue invaginates the 
ventricular wall to gain a seeming entrance to the inferior horn. Between the fimbria, 
which lies immediately above and parallel with it, and the gyrus a shallow groove, 
the sulcus fimbrio-dentatus, intervenes, whilst below it is bounded by the remains of 
the Aippocampal or dentate fissure. The latter is no longer an evident furrow, as it 
was when producing the hippocampus, since it has become closed and almost com- 
pletely obliterated by the apposition of the bordering cortex. 
Traced forward, the gyrus dentatus gradually leaves the fimbria and passes deeply 
along the inner side of the uncus in connection with which it ends. The terminal 
part of the gyrus, somewhat reduced in size, at first bends sharply medially along 
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the under surface of the uncus and then winds over the inner aspect of the latter, from 
within outwards, as a narrow grayish band, the frenulum of Giacomini, which, 
continuing upon the upper surface of the uncus, for a short distance passes slightly 
backward and disappears (Fig. 1006). 

Followed backward, the gyrus dentatus accompanies the fimbria towards the 
splenium, at the lower border of which the two structures part company, the fimbria 
passing to the under side of the corpus callosum, whilst the gyrus dentatus, losing its 
corrugations and becoming a smooth band, known as the fasciola cinerea, bends 
backward and curves around the splenium (Fig. 992) to spread out over the upper 
surface of the corpus callosum as the thin atrophic sheet of gray matter, the 
induseum griseum in which are embedded the fibre-strands of the longitudinal 
striz (page 1156). The structure of the gyrus dentatus is described with that of 
other parts of the cerebral cortex (page 1182). 
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Part of left gyrus hippocampi has been cut away to expose gyrus dentatus, which is seen continuing as 
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.__ The fornix is to be regarded as the chief fibre-tract connecting the olfactory cortex, situated 
“'thin the uncus and the hippocampus, with the thalamus. An explanation of its remarkable 
arse as seen in the adult brain, is found in the changes which affect the position of the hippo- 
mpus during development. Reference to Figs. 1030, 1032, will recall the origin of the hemi- 

ere (pallium) as an outgrowth from the end-brain, and, further, that the hemisphere in man 
arly covers in the thalamus and other parts of the diencephalon and the mid-brain. For a time 
: thalamus is connected with the hemisphere by means of only the thin recurved under and 
®Ner wall of the pallium, the bulky tracts of white matter in which it is later embedded being 
atime wanting. This same independence is retained by the thalamus, even in the adult 
©Ondition, on its upper and posterior aspects, where the excessively thinned out ventricular wall 
alone forms the partition between the ventricle and the exterior, and where the thalamus is over- 
by, but not in contact with, the hemisphere. On breaking through this partition, as after 
fmoval of the velum interpositum, the thalamus may be directly reached by passing beneath 
splenium. When a definite mesial surface of the hemisphere becomes developed, an area 

the inferior margin of this aspect becomes marked off by two primary grooves, which are 

early choroidal fissure below and the hippocampal fissure above. The area so defined is 
primary gyms dentatus. This tract of gray matter is connected with the thalamus by the 

ix, which reaches the thalamus around the front end of the choroidal fissure. In many 
animals, as in the rabbit, a similar relation is permanently retained, the dentate gyrus, or its 
equivalent, the hippocampus, being united with the thalamus by a fornix-tract which sweeps from 
the lower and posterior part of the pallium (hippocampus) over the roof of the third ventricle 
vard and downward to the basal surface of the brain (mammillary body) and thence by 

the bundle of Vicg d’ Azyr to the thalamus. These primary relations are changed by the future 
xpansion of the hemisphere, which grows not only upward and backward, but also downward 
to form the temporal lobe, in consequence of which the dentate gyrus and the fornix, and likewise 
the choroid plexus and its fissure, are carried backward, downward and forward around the 
thalamus into the temporal lobe, where they lie on the mesial wall of the descending horn of the 
lateral ventricle which has coincidently been formed. Whilst in this manner the chief mass of the 

Primary gyrus dentatus is carried into the temporal lobe, where it becomes the hippocampus and 
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the definite dentate gyrus, a part of it, greatly attenuated and reduced, retains its connection with 
the anterior basal surface of the brain (later the anterior perforated substance) and follows the 
upper surface of the corpus callosum, which likewise has extended backward, into the descend- 
ing horn of the lateral ventricle. These parts—the gyrus subcallosus, the longitudinal striz, 
the fasciola cinerea and the gyrus dentatus of the adult brain—constitute the supracallosal gyrus, 
whose gray matter is an atrophic outlying part of the primary gyrus dentatus and whose con- 
nections with the basal olfactory centres are retained by the fibres of the longitudinal striz. 
The fornix shares the displacement of its cortical area, the hippocampus, and is consequently 
carried with the latter into the descending horn of the lateral ventricle. In this manner parts 
which at first lay in proximity and were connected by short paths, become widely separated, 
with corresponding lengthening of the fibre-tracts uniting them, as illustrated in the long 
course of the fornix in the adult brain. Further, since the path of migration of the fornix 
and associated structures of the inferior horn of the lateral ventricle describes a curve, 
it follows that the relations of these parts become reversed, those originally lying 
above, in regard to adjacent structures, within the descending horn being below and 
vice versa. : 


The posterior horn of the lateral ventricle (cornu posterius), much smaller 
than either of the others, is an elongated diverticulum which curves backward from 
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the body of the ventricle into the occipital lobe. In frontal sections (Fig. 1034) its 
form is irregularly crescentic, the convexity of its outline including the roof and the 
lateral wall and the concavity corresponding with the mesial wall and narrow floor. 
Above and to the outer side, the horn is bounded by the arching fibres of the tape- 
tum of the corpus callosum, lateral to which lies the important thalamo-occipital or 
optic radiation (page 1123). The lower part of the mesial wall is modelled (Fig. 
1000) by a narrow but well marked crescentic elevation, the calcar avis, also 
called the Aippocampus minor, which is produced by the early invagination of the 
wall of the hemisphere by the anterior part of the calcarine fissure. On the same 
wall and just above the calcar avis, a second and broader, but less sharply 
defined, elevation (bulbus cornu posterforis), marks the course of the fibres of the 
forceps posterior as they encircle the parieto-occipital fissure in their journey to the 
occipital lobe. 
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Within the deeper layers of the cortex, therefore among the polymorphic 
and the pyramidal elements, two additional varieties of nerve-cells are encountered. 
These are the cells of Martinotti and the cells of Golgi. 

The cells of Martinotti are of small size and triangular or spindle-form in 
out-line and particularly distinguished by the unusual direction of their axones. 

processes pass towards the surface and within the stratum zonale divide 
into branches, which are continued horizontally in the felt-work of tangential fibres, As 
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with the collaterals and similarly directed processes from other cells, take part 
in producing the felt-work giving rise to the outer stripe of Baillarger. From 
the deeper or basal surface of the cell arises the delicate centrally directed axone, 
which, penetrating the intervening fourth layer, acquires a medullary coat and 
enters the white core of the convolution as one of the component nerve-fibres. 
The axone gives off one or more collaterals which, after a shorter or longer 
course, establish relations with other and often remote cells. In addition to the 
two chief processes, the peripherally directed apical dendrite and the centrally 
coursing axones, a variable number—from four to twelve—of secondary /ateral 
dendrites spring from the basal 
angles of the cell. These processes 
usually divided ichotomously, each 
succeeding pair of branches in turn 
splitting into twigs, until the den- 
drite is resolved into an end-brush 
of fibrilla which aid in producing 
an intricate felt-work of finest 
threads. Each pyramidal cell con- 
tidal celts tains a conspicuous spherical or 
ellipsoidal nucleus, within which a 
distinct nucleus is usually distin- 
guishable. The cytoplasm exhibits 
a striation and, in addition to the 
masses of tigroid substance, the 
Niss] bodies, a mass of brownish 
pigment granules. The larger 
pyramidal cells are surrounded 
by an evident pericellular lymph- 
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polymorphic cells chiefly to the 
interfascicular areas, within which the cells consequently appear arranged in a 
somewhat columnar order. 

Within the deeper layers of the cortex, therefore among the — polymorphic 
and the pyramidal elements, two additional varieties of nerve-cells are encountered. 
These are the cells of Martinotti_ and the cells of Golgi. 

The cells of Martinotti are of small size and triangular or spindle-form in 
out-line and particularly distinguished by the unusual direction of their axones. 
These processes pass towards the surface and within the stratum zonale divide 
into branches, which are continued horizontally in the felt-work of tangential fibres. As 
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in other parts of the central nervous system, so too in the cerebral cortex there is 
found a sprinkling of Golgi’s cells of type II. Although both dendrites and 
axomes of these cells undergo elaborate arborization, the axone is confined to a 
limited territory in the vicinity of the cell and, therefore, never reaches the 
stratum zonale. 

Neuroglia cells are present in all parts of the cerebral cortex and, whilst in 

a general way they send fibrils in all directions between the nervous elements, 
which they then support, the arrangement of the fibrillze is fairly definite in certain 
strata. Thus within the subpial condensation of the neuroglia, the glia cells send 
most of their processes as inwardly directed brushes. The cells within the deeper 
part of the cortex give off their processes in two chief groups, one extending 
towards the periphery and the other towards the white core. 

The Nerve-Fibres of the Cortex.—When viewed in suitably stained sections 
cut parallel with their general course, the cortical nerve-fibres do not appear as a uni- 
form layer, but as radially disposed bundles which gradually become less distinct as 
they traverse the cortex and finally disappear 
at about the level of the outer border of the 
layer of large pyramidal cells. The radial 
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which are continued as the axis-cylinders of 
the fibres composing the subcortical white 
matter. The peripherally coursing axones of 
the cells of Martinotti also contribute to the 
production of the fibre-radii. The cor ticipetal 
constituents of these tracts include the nerve- 
fibres which are derived from cells situated 
more or less remote from the convolution in 
which the fibres (their axones) end. Such, 
for example, are the thalamo-cortical and the 
tegmento-cortical fibres, as well as the many 
commissural fibres that arise in the opposite 
hemisphere and cross by way of the corpus 
allosum. Although for the most part the 
Cotticipetal fibres end at various levels in 
aborizations around the pyramidal cells, some 
ae continued into the stratum zonale where, 
breaking up into horizontal fibrille, they assist 
In producing the tangential zone. 

The spaces between these radial bundles 
ae occupied by a delicate interlacement, the 
MIterradial felt-work, which is composed 
large part of the lateral and collateral 
Processes of the cells. Within the third 
layer, the horizontally coursing collaterals 
and processes of the large pyramidal cells ' 
ma complex of unusual intricacy, which — Section of cerebral cortex stained to show fibres. 
Condensation gives rise to the outer stripe atts 
af Baillarger. Beyond the outer ends of the radial fibre-bundles, the intercel- 

ground-work is occupied by a second delicate interlacement of processes 
and collaterals, the supraradial felt-work of Edinger; whilst immediately 

eath the narrow subpial neurogliar zone innumerable delicate terminal fibrill 
Course horizontally and parallel with the surface and constitute the tangential 
bre-layer. The components of this layer are the terminal branches of the 
dendrites of the pyramidal and polymorphic cells and the axones of the cells of 
Martinotti, as well as the main and secondary processes of the fusiform elements 
of the stratum zonale. 
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The evident purpose of the horizontally directed processes and collaterals being to bring 
into relation different cortical cells, such association tracts become evident only after the neces- 
sity for the exercise of the corresponding psychic functions has arisen. Hence in the cortex of 
young children the strata of horizontal fibres are very feebly developed. With the progressive 
advance of intellectual capacity, the association paths become correspondingly more marked, 
according to the suggestive observations of Kaes, the increase continuing beyond even middle 
life. Whether this augmentation is due to actual increase in the number of association fibres, 
or, as suggested by Edinger, is dependent upon the further growth and myelination of collaterals 
already present in an immature condition, is uncertain. 


Local Variations in the Cerebral Cortex.—It has been pointed out, in 
prefacing the foregoing description of the structure of the cerebral cortex, that, 
whilst in the main certain features are common to the cortex wherever well devel- 
oped, more or less evident variations occur in different localities. Such variations 
are, for the most part, slight and depend upon the size and number of the nerve-cells 
and the richness and direction of the nerve-fibres—changes which produce alterations 
in the relative proportions of the strata. The width of the stratum zonale is almost 
constant and subject to little modification, being usually well defined from the layer 
of small pyramidal cells. The layer of the large pyramidal cells, on the contrary, 
exhibits considerable variation, either in increased thickness, as in the precentral 

gyrus, or in diminished 

breadth, as in the occipital 

- lobe. The layer of poly- 
Choroid plexus —7__- eal . morphic cells is fairly 
bai. Sees ae ” . uniform, but within the 
ventricle ae recentral convolutions 

j ~_ ——— Fimbria 1s reduced almost to 

“3 =. disappearance, although 

a “ Tale Gyrus dentatus the pyramidal cells of 
; e< ave the superimposed (third) 

ite. ae Subsculum layer are here of unusual 

_ hippocampi) size, Such variations in 

the histological features 

; of the cortex are prob- 
ax ably correlated with dif- 
ferences in the function 
of its various regions, 
although the exact relations between such differences are in many cases still obscure, 

Disregarding the cortical regions which are profoundly modified by their rudi- 
mentary character, such as the olfactory lobe (page 1152), apart from minor varia- 
tions in details, the cortex of the greater part of the frontal, parietal, occipital, temporal 
and limbic lobes and of the insula closely corresponds in its structure. That of the 
motor (Rolandic) region, of the calcarine (visual) area of the occipital lobe, and 
of the hippocampus, dentate gyrus and adjacent part of the hippocampal gyrus, 
however, presents modifications which call for brief description. 
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The Rolandic cortex of the precentral gyrus, particularly towards the upper margin of the 
hemisphere, of the paracentral lobule and of the adjoining part of the postcentral gyrus—the 
great cortical motor area of the hemisphere—is distinguished by the great breadth of the layer 
of large pyramidal cells, the unusual size of the last-named elements and the feeble development 
of the layer of polymorphic cells. The pyramidal cells collectively tend to larger size as the 
upper end of the precentral convolution is approached and, in addition, cells of extraordinary 
dimensions appear. These elements, known as the giant pyramidal cells of Betz, reach their 
maximum size within the paracentral lobule, where some attain a breadth of .o65 mm. or almost 
double that of the pyramidal elements in other regions, The giant cells are further distinguished 
by their robust and rounded form, their distribution in small groups of from three to five in the 
deeper layers of the cortex, and the exceptional thickness of their axones. 

The occipital cortex in the vicinity of the calcarine fissure (Fig. 1013) is distinguished even 
macroscopically by the clearness of the outer stripe of Baillarger, here called the stripe of 
Gennari or of Vicg d' Azyr. The stratum zonale is somewhat smaller than usual, but is 
exceptionally rich in tangential fibres and fusiform cells. The more superficially placed 
elements of the second) stratum are spindle form rather than pyramidal and give off two 
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radiation and the posterior and inferior horns of the lateral ventricle to the fore-part 
of the temporal lobe. It is probably an important path by which visual impressions 
are transmitted to other parts of the cortex ( Dejerine). 


Among the additional association tracts which have been described may be mentioned : 

The fasciculus occipitalis perpendicularis, which extends from the upper part of the 
occipital lobe and the upper part of the inferior parietal convolution to the occipito-temporal 
convolution. 

The fasciculus fronto-occipitalis, which courses sagittally and lies in intimate relation with 
the lateral ventricle and the caudate nucleus, and to the mesial side of the corona radiata. 

The fasciculus temporo-parietalis, which unites the temporal convolutions with the cortex 
of the parietal region. 

The fasciculus fronto-parietalis, which runs between the base of the lenticular nucleus and 
the claustrum and connects the frontal and parietal cortex. 

The fasciculus lobi lingualis, which is a bundle passing from the ventral boundary of the 
calcarine fissure to the occipital cortex of the lateral surface of the hemisphere. 


The Commissural Fibres.—Under this heading are included the fibres 
which cross the mid-line and connect the cortex of one hemisphere with that of the 
other, the regions so united being by no means necessarily identical on the two sides. 
Such discrepancy is accounted for, at 
least in part, by the frequent introduction 
of an association neurone in the com- 
missural circuit, the impulse carried from 
one hemisphere to the other being thus 
transferred to another region of the cor- 
tex, from which there arises the return 
commissural fibre. Preparatory to cross- 
ing the median plane, the fibres are col- 
lected into compact masses which form 
three definite bridges or commissures : 
(1) the corpus callosum, (2) the anterior 
commissure and (3) the hippocampal 
commissure. 

The fibre-system of the corpus 
a callosum, the chief commissure of the 
cece eenae eee ik mmtenirs Boras: 4 passing between pallium, is so extensive that it includes 
terior commissure (AC), and hippocampal commissure Connecting strands from all parts of the 
(40). cortex of the hemispheres with the ex- 
ception of the front and under part of the temporal lobes and the two rhinencephala, 
which, on account of their isolated position, are provided with special bonds of union. 
The callosal fibres stream out in all directions, constituting the radiation of the 
corpus callosum (radiatio corporis callosi), of which an anterior, a middle and a pos- 
terior portion are recognized. The anterior division, the Aars /rontalts, comprises 
the fibres which cross in the genu and, as the forceps minor, pass to the frontal pole. 
The fibres constituting the middle portion, the pars parictalis, traverse the body 
of the corpus callosum and continue outward to the hind-part of the frontal and the 
parietal and temporal lobes. The posterior portion includes the fibres which form 
the splenium and the adjoining segment of the body of the corpus callosum. 
These course outward, downward and backward and as the pars temporalis and the 
pars occipitalis reach respectively the hind-part of the temporal and the occipital 
lobes. The fibres destined for the latter region lie within the splenium, from 
which, as a condensed bundle, the forceps major, they arch backward along the 
inner wall of the posterior horn of the lateral ventricle (page 1158) into the occipital 
cortex. 
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The fibres composing the corpus callosum probably all terminate in arborizations within the 
cortex of one or the other of the hemispheres. Their source in the opposite hemisphere, how- 
ever, is by no means always the same, since they may arise: (1) as the axones of the pyramidal or 
of the polymorphic cells; (2) as the collaterals of association fibres; or (3) as collaterals of projec- 
tion fibres, in the last two cases being, therefore, of the nature of association-fibres rather than of 
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cut oval bundle until, farther backward, it bends abruptly downward to disappear 
in the white matter of the temporal lobe, to the outer side of the inferior horn of 
the lateral ventricle, preparatory to ending in the cortex. 


The fundamental and archaic character of the rhinencephalon, this division of the hemi- 
sphere appearing in animals in which the pallium is only fecbly developed, early led to the 
establishment of a special connection between the olfactory lobes of the two sides. When to 
this necessity was added that of linking together the fore-parts of the temporal lobes, which are 
to a considerable degree isolated, the establishment of a commissure supplementary to the 
corpus callosum was effected. 
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The hippocampal commissure connects the two hippocampi by means of 
fibres which cross in the psalterium (page 1158), in addition, some fibres thus under- 
going decussation join the longitudinal strands of the fornix and proceed towards the 
thalamus. 

The Projection Fibres. — These fibres connect the cortex of the cerebral 
hemisphere with the lower lying parts of the brain— the thalamus, the corpus 
striatum, the tegmental region, the pons and the medulla — and the spinal cord. 
Proceeding, as they do, from all parts of the extended cortical area towards nuclei 
grouped within the compass of a relatively small space, the fibres, for the most_ part, 
at first curve toward their objective points and collectively form the extensive con- 
verging tract known as the corona radiata. The greater number of the components 
of the latter pursue a direct: path to the lower levels and take part, therefore, in the 
formation of the compact internal capsule. The projection fibres are by no means 
uniformly numerous in all parts of the cortex, relatively few issuing from the frontal, 
parietal and latero-inferior part of the temporal regions—areas which, according to 
Flechsig, are particularly significant as association centres. Furthermore, the olfac- 
tory cortex does not contribute to the corona radiata, its own special projection fibres 
being represented by the cortico-mammillary tract. within: the fornix (page 1158). 
The projection fibres are not exclusively corticifugal tracts, since the connections of 
the thalamus are of a double nature, numerous corticipetal paths passing from this 
great sensory nucleus to the cortex of the hemisphere. The projection fibres may 
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be <> <onveniently considered under two groups, the short and the /ong tracts, accord- 
ing to the position of the nuclei with which they are associated. | 

The short projection tracts include the following: 1. The cortico-thalamic 
trac—#s, the fibres of which pass from all parts of the cortex of the hemisphere to the 
thaRh=amus. The components of these tracts are: (a) fibres passing from the cortex 
of t Fre frontal lobe to the anterior extremity of the thalamus ; (4) fibres passing from 
the «cortex of the Rolandic region and the adjoining part of the parietal lobe to the 
late =-al and mesial nuclei of the thalamus ; (c) fibres passing from the occipito-tem- 
por=a} lobe to the medio-ventral part of the thalamus ; and (d) fibres passing from the 
pos @ e-rior part of the parietal and from the occipital lobe to the pulvinar. 

Associated with the foregoing 
cort icifugal paths are the tha/amo- Fic. 1026. 
crf Fcal tracts which, coursing in the 
opf><ssite direction (corticipetally ), 
pro<ceed by way of the stalks or 
pediaancles of the thalamus (page 
1122) to all parts of the cortical y b, 


shee-t of gray matter investing the 

cerebral hemisphere. The thalamo- 

cortical tracts (Fig. 966), are the 

continuations (by means of the thala- 

mic neurones) of the sensory paths ( (h 
1s 

the cerebellum to the great sensory G 
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Pi . occipito-pontine’ 
S1SOry impulses collected by the ¢ 


Spinal and the cranial nerves are 
tansmitted to the thalamus; and, 
On the other hand, the ceredello- 

2? 0-thalamic tracts, by which the 
Cet bellum is linked with the thal- 
amtas; by way of the superior cerebel- 
lar Peduncle. The visual impulses 
camred by the fibres of the optic 
tract. to the pulvinar are, in a similar 


Cerebello- pontine 


Rubro-spinal 





manner, conveyed to the occipital or tnet Kr —Direct pyramidal 
cortex, along with those interrupted 2 

in the lateral geniculate and the a ie) 

superior quadrigeminal body, by the Pe 


optt< radiation of which the occipital 

stall of the thalmus is a part. aro eae pple ces uate celal serwes A 
2. The cortico-geniculate and 

the cortico-quadrigeminal tracts are important constituents of the optic radiation. 

Their fibres extend from the occipital cortex to the primary optic centres and, as 

in the case of those going to the pulvinar, are accompanied within the radiation 

by corticipetal fibres passing from the quadrigeminal and geniculate bodies and 

the pulvinar. 

_ 3. The auditory radiation comprises both corticipetal and corticifugal fibres 
which, in proceeding outward, pass trom the inferior quadrigeminal and the median 
geniculate body through the retrolenticular portion of the posterior limit of 
the internal corpuscle and beneath the lenticular nucleus to the auditory centre 
Within the temporal lobe. This cortical centre includes the middle portion of 


the superior temporal convolution and, probably, the adjoining part of the 
temporal operculum. 
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the intervening velum interpositum, it follows that the plexuses converge towards and meet 
over the foramina—a relation which they retain in the adult brain. The backward expansion 
of the hemispheres is accompanied by a corresponding backward prolongation of the young 
pia mater covering the roof of the diencephalon, later the third ventricle. After the corpus 
callosum and the fornix have been superimposed, the impression is given from the relation of 
the structures, as seen in the completed brain, that the pia has gained its position over the 
roof of the third ventricle by growing forward beneath the splenium and fornix, That such, 
however, is not the case is evident from the developmental history of the yelum bagi 
tum. The secondary invagination of the brain-roof on each side along the median line by 
the vascular tissue of the pia accounts for the production of the choroid plexus of the third 
ventricle, 

The Cerebral Commissures.—The primary simplicity of the connections between the 
hemispheres is disturbed by the formation of the commissures, which become necessary in 
— to link together the increasing sheets of cortical gray matter. The development of 

, the corpus callosum and the anterior commissure, as well as of the 
irene lucidum, are intimately associated with changes which affect the lamina terminalis. 
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cal dimension through the hemisphere is about 125 mm. (5 in.). The female brain 
is commonly somewhat shorter than that of the male, and, therefore, relatively 
broader and deeper. 

The weight of the brain has been the subject of repeated investigation with 
results that fairly agree. The conclusions of Handmann', based on recent examina- 
tions of ror brains (546 male and 468 female) from persons ranging in age from 
fifteen to eighty-nine years, are of interest since they confirm in the main the results 
obtained from previous observations. The average weight of the adult brain (from 
15-49 years), without the dura but surrounded by the arachnoid and pia, is 1370 
grams (48.6 oz.) for men and 1250 grams (44.4 0z.) for women. The weight of 
these membranes, including the enclosed arachnoid fluid, has been estimated at 56 
gm. and 49 ym. in male and female brains respectively (Broca). The brain usually 
attains its maximum weight about the eighteenth year, perhaps somewhat earlier 
in women, no increase taking place after the twentieth year. Subsequent to the 
sixtieth year in both sexes a progressive diminution occurs, by the age of eighty the 
brain having lost approximately one-fifteenth of its entire weight (Boyd). — Including 
the brains of individuals between fifty and cighty-nine years in his series, Handmann 
found the average weight to be 1355 gm. (47.8 oz. ) for men and 1223 gm. (40.3 oz.) 
for women. Approximately 81.5 per cent. of adult male brains have a weight be- 
tween 1200 and 1500 gm.; 8.8 per cent. one of from 950-1200 gm.; whilst 20.3 
per cent. possess a weight over 1450 gm. Correspondingly, about 84 per cent. of 
female brains weigh between 1100-1400 ym.; 44 per cent. between 1200-1350 gm. ; 
and 46 per cent. below 1200 gm. The average weight of the brain of the new-born 
male child is yoo gm. (14 0z.) and that of the female one is 380 gm. (13.4 02. ). 
During the early years of childhood the brain rapidly becomes heavier, its weight 
being doubled by the end of the first year and trebled by the completion of the sixth 
year. At first the increase affects the brain equally in both sexes; later the young 
female brain fails to keep pace in its growth with the male one, the differences 
becoming progressively more marked. 

Whilst the érain-weight and stature stand in direct ratio in the new-born and in 
children up to 75 cm. in length, irrespective of age and sex, after attaining such stat- 
ure the relation is irregular and uncertain. Likewise in the adult, Handmann found 
no constant ratio between the stature and the brain-weight, although in general a 
lower average weight of the brain is found in short individuals than in those of mod- 
erate and of large height. The relative brain-weight, as expressed in the ratio 
between each centimeter of height and the brain-mass, Handmann found to be 8.3 
gm. for each centimeter of height in men and 7.9 gm. in women, a slightly higher 
proportion in favor of the male subject being thus observed. The average ratio of 
the weight of the adult brain to that of the entire body is approximately 1:50 (Ober- 
steiner). In the new-born child this ratio is much greater, being, as determined by 
Mies, 1:5.9. Of the entire weight of the brain, the hemispheres contribute 78.5 per 
cent., the brain-stem 11 per cent., and the cerebellum ro.5 per cent., no material 
difference being observed in the two sexes (Meynert ). 

The extent of the superficial surface of the cortex has been determined, at least 
approximately, by Wagner, who by completely covering: the convolutions with gold 
leaf concluded that the large brain of the mathematician Gauss (1492 gm. ) presented 
an agyreyate area of 221,000 sq. mm., or not quite one-half square meter. Of this 
entire area about twice as much lay along the sides and bottoms of the fissures, 
therefore sunken, as upon the exposed surface. The estimate of the same observer 
concerning the brain of a workman placed the area at 187,672 sq. mm, 


The significance of brain-weight as an index of intellectual capacity has long excited inter- 
est. Accumulating data prove beyond question that, as applied to individuals, the weight of 
the brain is an untrustworthy index of relative intelligence. For whilst in a number of conspic- 
uous examples the weight of the brains of men of acknowledged intellectual superiority has been 
markedly above the average, it is equally true that some of the heaviest brains recorded have 
been those of persons of ordinary, and indeed in some cases of even decidedly inferior, intelli- 
gence. Further, the brains of not a few men of remarkable achievement in the fields of Science, 


T Archiv f. Anat. u. Entwickeclung., 1906. 
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ventricle (page 1100). The paths by which the fluids collected within the brain- 
membrane are carried off, thereby insuring under normal conditions the prevention 
of excessive intracranial tension, will be considered with the description of the dura 
and arachnoid, suffice it here to mention the sheaths contributed by these envelopes 
along the nerve-trunks as they leave the cranium and the Pacchionian bodies as the 
most important. 

The Dura Mater.—This structure (dura mater encephali) is a dense and inelas- 
tic fibrous membrane, which lines the inner surface of the cranial cavity and sends 
partitions between the divisions of the brain. In contrast to its relation within the 
vertebral canal, where it is separated from the bony wall by a considerable space 
(page 1022), within the brain-case the dura everywhere lies closely applied to the 
bone—a relation essential in fulfilling its function as a blood-carrying organ for the 
nutrition of the cranium. Around the margins of the larger foramina, over the pro- 
jecting inequalities of the fossz and along the lines of the more important sutures, the 
attachment of the dura to the skull is particularly close, and at some of these points 
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—the foramina and the ununited sutures—the dura is continuous with the periosteum 
covering the exterior of the skull. On separating the dura from the bone, as may be 
readily done beneath the calvaria, except along the line of the sagittal suture, its 
outer surface is marked with the conspicuous ridges produced by the meningeal 
blood-vessels, which lie much nearer the outer than the inner surface of the mem- 
brane and hence give rise to the corresponding furrows seen on the inner aspect 
of the skull, In addition, the roughened surface of separation is beset with fine 
fibrous processes, the larger of which contain minute blood-vessels, that have 
been drawn out of the canals affording passage for the nutrient twigs. The inner 
aspect of the dura, on the contrary, is smooth and shinny and clothed with a layer 
of endothelium which lines the outer wall of the subdural space. As the nerves enter 
the foramina in their exit from the cranium, they receive a tubular prolongation of 
the dura which accompanies the nerve-trunk fora short distance as the dural sheath, 
separated from the nerve by the underlying subdural cleft, and finally becomes con- 
tinuous with the epineurium, whilst the subdural space communicates with the 
lymph-clefts within the connective tissue envelopes of the nerves. The dural sheath 
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surrounding the optic nerve through its entire length is noteworthy on account 
of its unusual thickness and completeness (page 1223 '. 

The two layers of which the dura is composed are, for the most part, so closely 
united that only a single membrane is demonstrable. The division into two layers, 
however, is evident in certain localities, particularly in the middle fossa at the base of 
the skull. Here, on each side of the body of the sphenoid bone, the layers separate 
to form the cavernous sinus and, within the sella turcica, enclose the pituitary body. 
Over the apex of the petrous portion of the temporal bone they include between 
them a space, the cavum Meckelii, which lodges the Gasserian ganglion, whilst over 
the aqueductus vestibuli the dilated end of the endolymphatic duct, the saccus 
endolymphaticus, continued from the membranous labyrinth, lies between the two 
lyers of the dura. Further, along the lines of its attachment to the skull beneath 
the sagittal suture, to the crucial ridges on the occipital bone and to the ridges of 
the petrous bones, the inner layer of the dura separates from the outer and forms 
Partitions, which project inward and imperfectly subdivide the cranial cavity into 
compartments occupied by the larger divisions of the brain, as well as enclose the 
blood-spaces, known as the dural sinuses. These spaces have been described with 
the veins (page 867 ) and will be here only incidentally mentioned in connection with 
the partitions in which they lie. On either side of the superior longitudinal sinus, the 
layers of the dura exhibit local areas of separation, which prolong laterally the lumen 
of the venous channel. These parasinoidal spaces, the dacune venose laterales, are 
of consequence as receiving many of the cerebral veins and as affording additional 
localities in which the Pacchionian bodies may come into relation with the blood- 
stream. The septa thus formed by duplicatures of the inner dural layer are: (1) the 
Salx cerebri, (2) the tentorium cerebelli, (3) the faly cerebelli, and (4) the dia- 
phragma sella. 

The falx cerebri is a sickle-shaped partition which occupies the greater part of 
the longitudinal fissure separating the cerebral hemispheres. Its upper and longer 
border is attached in the mid-line and extends from the cristi galli of the ethmoid 
bone in front to the internal occipital protuberance behind and encloses the superior 
longitudinal sinus. The latter channel appears triangular in cross-section (Fig. 
1034), the upward placed base being the outer or parietal layer of the dura and the 
sides the separated lamellze of the falx. The lower and shorter border of the falx is 
free and more sharply arched than is the upper, and extends from the hind part of 
the cristi galli to the highest point of the tentorium. Within its posterior half it 
encloses the inferior longitudinal sinus. The base of the falx is oblique, approxi- 
mately at 45° with the horizontal plane, and attached to the upper surface of the 
tentorium in the sagittal plane. Along this junction lies the s/rafght sinus. The 
Narrow forepart of the falx is the thinnest portion of the partition and is often, more 
Specially during the latter half of life, the seat of perforations, which may be so 
Sumerous as to reduce this part of the septum to a fenestrated membrane. Occasional 
eposits of true bone are found within the falx, which may be without pathological 
Sgnificance and represent the constant ossification of this partition seen in some 
aquatic mammals. 

_ The tentorium cerebelli is the large tent-like partition that roofs in the pos- 
tenor fossa of the skull and separates the cerebellum from the overlying posterior 
Parts of the cerebral hemispheres. In its general form it is crescentic, the longer 
Convex border lying behind and attached to the posterior and lateral margins of the 
Posterior cranial fossa, and the shorter concave anterior border curving’ backward 
and upward from the anterior clinoid processes. The upper surface of the tentorium 
attached by its entire. width to the falx cerebri along the mesial plane, and in this 
Manner the partition is maintained in a tensed condition. The sides of the tent-like 
fold are, however, not simply flat, but present a slight downwardly directed convexity 
in both the sagittal and frontal planes. The peculiar curvature of the under surface of 
the tentorium is reproduced, in reversed relief, by the upper aspect of the cerebellum 
Which is accurately applied to the partition. 

The posterior border of the tentorium is attached to the horizontal ridge crossing 

occipital bone ; farther outward, on cach side, it is fixed to the postero-inferior 
angle of the parietal bone and, continuing forward and inward, to the upper border 
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of the petrous portion of the temporal bone, and thence to the posterior clinoid pro- 
cess. From the internal occipital protuberance as far as the parietal bone, this line of 
attachment corresponds with the course of the enclosed /atera/ sinus (payre 867); but 
beyond, the venous channel leaves the tentorium in its descent to the jugular fora- 
men, the farther attachment of the tentorium enclosing the superior petrosal sinus. 
Since the anterior border of the tentorium springs, on each side, from the anterior 
clinoid process, it follows that the two margins of the crescentic septum intersect in 
advance of the apex of the petrous bone, the posterior border turning inward to the 
posterior clinoid process, whilst the anterior margin is connected with the anterior 
process. The free tentorial border, in conjunction with the dorsum sellz, defines an 
arched opening, the ‘ncisura tentorit, through which the mesencephalic portion of 
the brain-stem is continued into the cerebral hemispheres, the highest point of this 
aperture lying just behind the splenium of the corpus callosum. 


Fic. 1034. Skin 
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The falx cerebelli is a small sickel-shaped dural fold which descends in the 
mid-line from the under surface of the tentorium, with which its broader upper end 
is attached, towards the foramen magnum. In the vicinity of this opening its apex 
bifurcates into smaller folds that fade away on either side of the foramen. _ Its poste- 
rior border, attached to the vertical internal occipital crest, contains the small occipital 
sinuses, or sinus when these channels are fused. The narrow crescent: projects into 
the posterior cerebellar notch and thus intervenes between the hemispheres of the 
cerebellum, 

The diaphragma sellz is an oval septum of dura, which roofs in the pituitary 
fossa and is continuous on cither side with the visceral or inner layer of the wall of 
the cavernous sinus. The diaphragm contains a small aperture, the foramen dia- 
phragmatis, through which the infundibulum connects the enclosed pituitary body 
with the brain. 

The structure of the dura presents the histological features of dense fibro- 
elastic tissue, in which the elastic constituents, however, are greatly overshadowed 
by the white fibrous bundles. The inner surface of the dura is covered with endo- 
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thel azal plates which constitute the immediate outer wall of the subdural lymph-space. 
Pato hes of endothelium sometimes seen on the external aspect of thé membrane are 
ded as indications of uncertain epidural lymph-spaces. The outer or periosteal 

lam <=Hla is less compact and richer in cells than the inner layer and contains a wide- 
mes Faved net-work of capillary blood-vessels. The larger bundles of fibrous tissue are 
i with some order so that a definite radiation from the two ends of the falx 

ceretori may often be recognized. Within the last-named fold, from the point where 
the see border of the falx and that of the tentorium meet, the fibres radiate towards 
the <Sonvex attached margin, some, therefore, arching far forward. From the same 

ira t the fibres within the tentorium pass laterally. 

Minute calcareous concretions, also known as dbrain-sand or acervulus, are 
not infrequently found in the otherwise normal dura, especially in subjects of 
advaariced years. They consist of aggregations of particles of calcium carbonate and 
phosphate arranged in concentric layers and surrounded by a capsule of fibrous 
tissue. They seldom exceed a diameter of .070-.080 mm., but may be so numer- 
ous that a distinctly gritty feel is imparted to the inner surface of the dura. 

The blood-vessels within the dura are the branches of the meningeal arteries, 
and their accompanying veins, derived from various sources—from the ophthalmic, 
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intéxnal maxillary, vertebral, ascending pharyngeal and occipital arteries. They are 
desta ned, for the most part, for the nutrition of the skull, which they enter as minute 
Wes through innumerable openings in the bone. Some few perforating arteries 
averse the bone and communicate with the pericranial vessels, whilst others are 
tributed to the tissue of the dura itself. 

Definite lymphatics have not been demonstrated within the dura, the system 
o absorbent vessels being represented within this membrane by numerous lymph- 
Ces within the connective tissue stroma. These communicate indirectly with the 

ural lymph-space, the contained fluid escaping at the foramina chiefly into the 
lym ph-paths surrounding the cranial nerves, but to some extent also directly into 
the “Venous sinuses around the Pacchionian bodies. 

The nerves of the dura include principally sympathetic filaments, distributed 
to the blood-vessels and to the bone, and sensory fibres. The immediate sources 
are the meningeal twigs contributed by the trigeminus, the vagus and the hypo- 
Rlssal nerves. Those from the last source, apparently from the twelith, are really 
sSory fibres from the upper cervical spinal nerves and sympathetic filaments from 
the cervical sympathetic cord ; in the other cases, the scnsory fibres are probably 

accompanied by sympathetic filaments, which secure this companionship by means of 
76 
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the communications which these cranial nerves have with the plexuses surrounding 
the arteries or with the superior cervical ganglion. The sensory nerves of the dura 
form a rich net-work of delicate twigs from which filaments have been traced to the 
inner surface in relation to which some end in bulbous expansions. 

The Pia Mater.—This membrane (pia mater encephali) lies next the nervous 
substance and, being the vascular tunic supporting the blood-vessels for the nutrition 
of the brain, follows accurately all the inequalities of its exterior. It not only closely 
invests the exposed surface of the cerebrum and cerebellum, but penetrates along the 
sides and to the bottom of all the fissures as well, although within the small shallow 
fissures of the cerebellum a distinct process of pia mater can not be demonstrated. 
Additionally, in certain places where the wall of the brain-tube is very thin, the pia 
pushes before it the attenuated layer and seemingly gains entrance into the ventricles. 
Examples of such invagination are afforded in the relations of the velum interpositum 
and the choroid plexuses to the lateral and third ventricles (page 1162) and of the 

: similar plexuses in the roof of the 

FIG. 1036. fourth ventricle (page 1100). The pia 
also contributes a sheath to each nerve, 
or to its larger component bundles, as 
the nerve leaves the brain at its super- 
ficial origin, which sheath surrounds 
the nerve during its intracranial course 
and for a variable distance beyond its 
emergence from the dural sac. 

The pia is so thin that the larger 
vessels, especially at the base of the 
brain, lie within the subarachnoid 
space, although in most cases they are 
enclosed within a delicate investment 
of pial tissue. The smaller vessels, 
however, ramify within the pia and in 
this situation divide into the twigs 
which directly enter the subjacent 
nervous tissue. As they penetrate the 
latter they are accompanied by a 
sheath of pia, which thus gains the 
nervous substance within which it fol- 
lows the subdivisions of the arteriole, 
even their smallest ramifications. 

Whilst within the pia the larger 
arteries form frequent anastomoses, 
the smaller twigs remain isolated and, 

Portion of ngcte dentate guste of cefcbelup. show. being ‘* end-arteries,"” on entering the 
subjacent gray matter break up into 
terminal ramifications which furnish the only supply for a particular district. The 
capillary net-work within the cortical gray matter is much closer than that within the 
subjacent white matter (Fig. 1035), in which the vessels are comparatively meagre. 
Here and there larger medullary branches are seen traversing the cortex, to which 
they contribute but few twigs, to gain the white matter within which they find their 
distribution. . The contrast in richness between the supply of the gray substance and 
that of the adjoining white matter is not limited to the cerebral cortex, but is also 
well shown when the internal nuclei are examined (Fig. 1036). The veins emerge 
from the surface of the brain, but do not retain a definite relation to the arteries, since, 
instead of following the latter to their points of entrance, they for the most part seek 
the dural sinuses into which they empty. 

The special invayinating layers of pia mater, the ve/ian interpositum (page 1162) 
and the choroid plexuses of the lateral and third ventricles, and the choroid plexus of 
the fourth ventricle (page rroo) have been deseribed in connection with the appro- 
priate parts of the brain. | Attention may be again called to the manner in which the 
velum interpositum and the associated plexuses are formed (page 1194), and to the 
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fact that the apparent ingrowth of the pia beneath the splenium and the fornix to 
reac>h its final position over the third and within the lateral ventricles never occurs, 
the growth actually taking place in the opposite direction, that is, from before 
bac ke ward (page 1194). 

The structure of the pia mater presents little for special mention. The 
mewanbrane consists essentially of a delicate connective tissue envelope in which inter- 
laca wag bundles of white fibrous tissue, intermingled with elastic fibres and containing 
numerous nuclei, are the chief features. As the arteries leave the pia to enter 
the brain, they receive sheaths of pial tissue within which are prolonged the lymph- 
spa.<es enclosed between the trabeculz of the pial membrane. Along the basal surface 
of tlre brain, especially on the ventral aspect of the medulla, the pia frequently contains 
deey>ly pigmented branched connective tissue cells. These may be so numerous, 
particularly in aged subjects, that the membrane appears of a distinct brownish hue. 

The numerous nerves encountered within the pia mater are chiefly sympathetic 
filaments destined for the walls of the blood-vessels and derived from the plexuses 
surrounding the internal carotid and the vertebral arteries. Additional nerve- 
fibres, probably sensory in function, occur 
in ssmall numbers. The mode of their Fic. 1037. 
ending is uncertain, although terminal bul- 
bus expansions and tactile corpuscles have 
beem observed. 

The Arachnoid. — This covering 
(areachnoidea encephali), the intermediate vascular tuft 
mermbrane of the brain, is a delicate con- 
nective tissue envelope that intervenes 
between the dura externally and the pia 

mternally. In contrast to the last-named 
membrane, which follows closely all the 
iregrularities of the sunken as well as of the 
Hee surface of the cerebrum, the arachnoid 
Ss Amtimately related to the convolutions 
only along their convexities, and on arriving 
at the margins of the intervening fissures 
stretches across these furrows to the con- 
volutions beyond. From this arrangement 
it Follows that intervals, more or less tri- 





angralar on section, are left over the lines ' ~~ Velum futer: 
dthe fissures between the arachnoid and Pe ae 
2 : : waste 
fold af pia which dips into the sulcus. Small portion of injected choroid plexus of lateral 
se clefts form a system of intercom- ventricle; surface view. 


MUniicating channels which are parts of the 
8€ueral subarachnoid space. Over the summits of the convolutions, the arachnoid 
an pia are so intimately united that they constitute practically a single membrane, 
whilst, where parted by the subarachnoid space, they are connected only by the 
tabeculz of arachnoid tissue. In many places, however, where the intervening cleft 
SNot wide, these trabecule are so numerous that the space is occupied by a delicate 
retaculum and becomes converted into a layer of loose subarachnoid tissue. Where, 
on the other hand, the arachnoid encloses spaces of considerable size, as it does on 
the basal surface of the brain, the trabecule are reduced in number to-relatively few 
long, cobweb-like threads that extend from the arachnoid to the pia mater. Over 
the upper and outer aspects of the cerebrum and cerebellum the arachnoid follows, 
in @ general way, the contour of the brain. On the ventral surface, however, it 
Ages from the median elevation presented by the brain-stem to the adjacent promi- 
etces offered by the cerebellum and the cerebral hemispheres. The irregular spaces 
‘as enclosed contain considerable quantities of cerebro-spinal fluid and are known 
a the cisterne subarachnoidales, of which several subdivisions are recognized 

according to locality. 

The cisterna magna (cisterna cerebellomedullaris ), the largest of these spaces, 
overlies the dorsal surface of the brain-stem and is continuous through the foramen 


| 
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mi Ll ao abt ‘part of the subarachnoid space of the cord. The arach- 
bel eases frora’e back of the under aspect of the cerebellum 60 te pdstefian 
surface of the medulla and thus encloses a considerable space which at the sides of 
the medulla is continuous with the upward prolongation of the anterior subdural 
space of the cord. The lower of the brain-stem is thus completely surrounded 
by the subarachnoid cavity. The ventral surface of the pons is enveloped by the 
upward extension of the anterior part of the spinal arachnoid, the cleft so enc 

constituting the cisterna pontis, of which a median and two lateral subdivisions 


may be . From the upper ventral border of the pons the arachnoid 
passes f to the orbital surface of the frontal lobes, ing the corpora mam- 
millaria, the infundibulum and the optic chiasm, and laterally to the adjacent project- 


ing temporal lobes and thence, covering in the transverse stem of the Sylvian fissures, 
Fic. 1038. 





Vertebral arteries 


Inferior aspect of brain covered with pia and arachnoid, showing large subarachnoid spaces. 


to the frontal lobes. This large space, which includes the deep depression on the 
basal surface of the brain, is the cisterna basalis. It is imperfectly subdivided by 
incomplete septa of arachnoid tissue into secondary compartments, one of which les 
between the peduncles (cisterna interpeduncularis), another behind the optic commis- 
sure (cisterna chiasmatis) and a third above and in front of the chiasm (cisterna 
laminae terminalis), Anteriorly the cisterna basalis is continued over the convex 
dorsal surface of the corpus callosum (cisterna corporis callosi), and on either side 
along the stem of the Sylvian fissure (cisterna fissurae lateralis). Within the median 
= of the cisterna basalis lie the large arterial trunks forming the circle of Willis, 
ese vessels are invested with delicate sheaths of arachnoid, which accompany the 
smaller branches until they enter the vascular membrane to become pial vessels, 
The arachnoid also contributes sheaths to the cranial nerves as they pass from 
their superficial origins to the points where they pierce the dura, these sheaths over- 
lie those derived from the pia and, as do the latter, accompany the nerve-trunks fora 
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The most common enlargement of the head, Aydrocephalus, is due to a retention 
of cerebro-spinal fluid within the cranium, ordinarily within the ventricles, but some- 
times in the subarachnoid space. It is usually a congenital condition; its cause 
is not clearly known. It is believed by many that it is due to a prenatal inflam- 
mation of the ventricular ependyma, and by others toa disarrangement of the orifices 
of communication between the ventricles (ILuschka, Monroe, and Neurath). The 
aqueduct of Sylvius has been found obliterated, and inflammatory processes have 
been seen about the foramen of Monroe. 

Congenital defective ossification of the skull may result in a gap through which 
may protrude a portion of the meninges with or without brain substance. If such a 
protrusion consists of a meningeal sac containing only fluid, it is called a meningocele. 
If it contains a portion of the brain also, it is an encephalocele, and if the protruded 
portion of the brain encloses a portion of a ventricle, a Avdrencephalocele. Such 
tumors may be concealed from view at the base of the skull, or in the pharynx, or 
may protrude into the nose or orbit. They are usually in the median line and most 
frequently in the occipital region. Next in frequency they occur at the fronto-nasal 
suture, and more rarely in other parts of the skull. Pressure on the tumor will often 
reduce it partly or completely within the cranium, but in the latter case symptoms of 
pressure on the brain will arise. Violent expiratory efforts, as in crying or coughing, 
which increase the cerebral congestion, render the tumor more tense. 

The Meninges.—Discases of the meninges are relatively more common than 
those of the brain proper, and many conditions often spoken of as brain diseases are 
affections of the meninges, the pia being closely adherent to the brain and extending 
into the fissures. Inflammation of the dura is called pachymeningitis, of the pia and 
arachnoid together /epfo-mening itis. 

External pachymeningitis is usually secondary to disease of the cranial bones, 
traumatism, infection, or tumors. It is most frequently the result of ear disease, and 
is therefore generally of surgical interest. 

Internal pachymeningitis is apt to be associated with effusions of blood into the 
subdural space ; they may cover a considerable area without producing marked symp- 
toms, or they may be encapsulated (hamatomata of the dura mater), and may reach 
the size of a man’s fist, causing compression of the brain. Occasionally they become 
purulent. The blood or pus may gravitate to the base of the brain in the region of 
the cerebellum, pons, and medulla, when the pressure symptoms will be more serious ; 
or it may find its way into the spinal canal. 

The dura is especially adherent at the base of the skull and, to some degree, at 
the sutures of the vault. In the rest of the vault it is loosely attached, and accord- 
ing to Tillaux, particularly so in the temporal region. Collections of blood may 
accumulate between the dura and the bone (extradural hemorrhage). This variety 
of intracranial hemorrhage is commonly the result of rupture of one of the branches 
of the middle meningeal artery in the temporal region, the effused blood separating 
the loosely attached dura. If the blood is poured out rapidly, compression 
symptoms will soon appear, but if the hemorrhage is slow, the escape of cerebro-spinal 
fluid into the spinal canal permits of more delay in the appearance of those symptoms. 
The patient has often time to recover, at least partially, from the unconsciousness 
of concussion before that of compression appears ; and it ts this recovery of intelligence 
which is most characteristic of the condition. There will often be localizing symptoms 
indicating the part of the brain cortex which is irritated or compressed. 

Subdural hemorrhage may follow the rupture of a number of small vessels, cither 
of the pia or dura under a depressed fracture ; or it may come from a large vessel, 
particularly the middle cerebral. The symptoms and treatment are very much the 
same as in the extradural variety. 

In children extradural hemorrhage is very rare, because of the relatively firmer 
attachment of the dura during the period of growth. The blood may escape under 
the sealp through a line of fracture in the skull; or, what is more likely, it may pass 
through a tear in the dura into the subdural space. In fractures of the base of the 
skull, at any age, owing to the adhesion of the dura, the latter is likely to be torn ; 
cerebro-spinal fluid may escape into the adjacent air cavities, as into the nose, pharynx 
or middle car. A close adhesion of the dura to the bone, as sometimes found at 
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The cortex is supplied by pial vessels distinct from those supplying the basal 
ganglia and adjoining regions. The latter come directly from the branches of the 
circle of Willis at the base. The cortical vessels anastomose ; those in the region 
of the basal ganglia do not. The latter are ‘‘end arteries,’’ so that when one is 
plugged by an embolus the part supplied is deprived of blood and undergoes 
necrosis (softening of the brain). In such a case the cortical supply would not be 
permanently interfered with. When a cortical arteriole is blocked, the anastomosis 
may furnish a sufficient collateral circulation to prevent necrosis in the affected 
part, but cortical softening is exceedingly common. When one of the arteries forming 
the circle of Willis is occluded, as an internal carotid by ligation of the common 
carotid, the anastomosis in the circle is so free that, in most cases, no marked 
effect is apparent. Cerebral disturbances, as delirium or convulsions, do occur in 
some cases, and in some are fatal. Even when both carotids are ligated, with an in- 
terval of some days or weeks, the operation is not more frequently followed by cere- 
bral disturbances than when only one is ticd (Pilz). A case in which the patient 
lived after one carotid and one vertebral had been obliterated by disease, and the 
other carotid ligatured, has been reported (Rossi). In another case, although both 
carotids and both vertebrals had been occladed, the patient lived a considerable time 
afterward, the cerebral circulation being maintained through the medium of anas- 
tomosis of the inferior with the superior thyroids, and the deep cervical with the 
occipital artery (Davy). Occasionally ligation of the carotid has been followed by 
hemiplegia. : 

The most common seat of intracerebral hemorrhage is near the basal ganglia in 
the region of the internal capsule. The artery most frequently at fault is a branch of 
the middle cerebral, the /enticulo-striate, or artery of Charcot (page 1207). Hemor- 
rhages occur with less frequency in ather portions of the cerebrum, and much more 
rarely in the pons, medulla oblongata, and cerebellum. The symptoms produced by 
the hemorrhage are the result of destruction of tissue and of pressure upon adjacent 
parts, and will vary according to the seat of the lesion. Tumors or inflammatory 
products will produce essentially the same symptoms. 

Cerebral Localization.—In order to understand the nature of the symptoms 
produced by brain lesions it will be necessary to study at least some of the functional 
areas of the cortex and their paths of conduction through the brain substance. 

Taylor has summarized as follows the researches of His and of Flechsig, which 
are of comparatively recent date and have thrown new and valuable light upon the 
functions possessed by the cortical regions of the brain, by the study of their mode of 
development. Flechsiy succeeded in following the various tracts through their 
myelination, The tracts which are functional earliest receive their myelin before the 
others. He has shown that the fibres in the spinal cord, medulla, pons and corpora 
quadrigemina are almost entirely medullated when the higher parts show little or no 
myelin. In the new-born child the cerebrum is almost entirely immature, and 
proportionately few of its fibres are medullated. 

According to Flechsig, the sensory paths in the brain first become medullated, 
and may he observed developing one after another, beginning with that of smell and 
ending with that for auditory impulses from the periphery to the cortex. In this 
way it has been ascertained that the individual sensory paths terminate in tolerably 
sharply circumscribed cortical regions, for the most part widely removed from one 
another, being separated by masses of cortical substance which remain for a consid- 
erable period immature or undeveloped. The cortical sense areas thus mapped out 
correspond entirely to those regions of the surface of the brain which pathological 
observation has shown to stand in relation to the different qualities of sensation. 
Olfactory fibres are found to end mainly in the uncinate gyrus. | 7sual fibres have 
been traced to the occipital lobe in the neighborhood of the calcarine fissure, and 
auditory fibres to the temporal lobe. Flechsig has further observed that new paths 
begin to develop from the points where certain of the sense fibres terminate and pur- 
su¢ a downward course. They can be followed from the cortex to the medulla and 
to the motor nuclei of the cord. These descending paths are mainly those known as 
the pyramidal or motor tracts, and the area from which they proceed, commonly 
called the Rolandic region, is, according to Flechsig, concerned also in the sensation 
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also by a lesion in the lateral portion of the occipital lobe, if it extends inwards 
sufficiently to interrupt the optic radiations. 

In spite of extensive researches the functions of the central ganglia are very 
little known. 

Lesions of the cerebellar hemispheres may not produce distinct phenomena 
until the median lobe or vermiform process is involved, when two especially charac- 
teristic symptoms will almost certainly develop. These are a peculiar disturbance of 
equilibrium with a staggering gait (cerebellar ataxia), and a troublesome vertigo. 
Although the patient can scarcely stand alone he may possibly be able to perform 
the most delicate movements with his upper extremities. The vertigo occurs only 
in standing or walking, and is then almost always present. Nystagmus is also a 
frequent symptom. Vomiting is very often present, but is not characteristic, since 
it is equally frequent in other brain diseases. 

Extending along the floor of the aqueduct of Sylvius and of the fourth ventricle, 
that is, along the cerebral peduncles, pons and medulla, we find the nuclei of origin 
of the motor fibres of the crania/ nerves. It should be borne in mind that the con- 
trolling centres of these nerves are in the cerebral cortex. Many automatic centres, 
as of circulation, respiration, sweating, and regulation of heat, as well as the motor 
and sensory tracts are found in the medulla. 

Cranio-Cerebral Topography.—In order that the surgeon may expose and 
recognize certain areas of the cortex, it becomes very important that the relations 
between these areas and the corresponding external surface be well understood. _ For 
this purpose advantage is taken of the landmarks of the skull (page 241). From 
these bony points, ridges and depressions, by means of lines and measurements, the 
known cortical areas may be accurately mapped out. 

The upper Limit of each cerebral hemisphere is indicated, approximately, by the 
median line at the top of the skull from the glabella to the external occipital protu- 
berance, due allowance being made for the superior longitudinal sinus, which lies 
under the skull, in the longitudinal fissure, between the two hemispheres. 

The lower /imit is represented by a transverse line, in front, just above the upper 
margin of the orbit. At the side of the skull the line passes from about a half inch 
above the external angular process of the frontal bone to just above the external 
auditory meatus. From here it passes to the external occipital protuberance ; this 
part of the line corresponding, approximately, to the lateral sinus. The cerebellum 
lies immediately below this line. 

Of the brain fissures, those of greatest importance in cerebral localization are 
the Rolandic and Sylvian, since by means of these all the best known cortical centres 
can be located. Of the two, the fissure of Rolando is much the more important, 
because the motor, the most definitely known cortical area, is associated with it. Its 
upper limit is at a point about 12 mm. (one-half inch) behind the mid-point between 
the glabella and the inion, and about one-half inch from the median line. It passes 
outward, downward, and forward, approximately, at an angle of 71° with the median 
sagittal line of the skull. It is 8.5 cm. (33 in.) long (Thane), and ends below just 
above the fissure of Sylvius. Near its lower end it turns rather suddenly downward, 
so that, in this part, it is not in the line of the angle of 71°. 

Many methods have been devised for the purpose of making the line of the 
fissure on the scalp. 

Chiene’s method consists of folding an ordinary square sheet of paper on the 
diagonal line, thus dividing an angle of go° in half, making two of 45°. One of these 
angles of 45° is again halved in a similar manner, making two new angles each of 
22%°. The paper is then so unfolded that one of the angles of 2214 ° is added to that 
of 45°, making a new angle of 674° ; this will be sufficiently near that of the fissure 
of Rolando for all practical purposes. 

Horsley’ s cvriometer consists of two strips, cither of thin, flexible metal or of 
parchment paper, each graduated in inches. The lateral arm is placed at an angle 
of 67° with the long arm, the apex of the angle being at a point 12 mm. or one-half 
inch behind the mid-point of the long arm. 

Le Fort simply drew a line from the beginning of the fissure, above, to the mid- 
dle of the zygoma, below, and marked off on this line the proper length of the fissure. 
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Anderson and Mackins suggest : (1) a median sagittal line from the glabella to 
the amon ; (2) a frontal line from the mid-sagittal point to the depression just in front 
of thre ear at the level of the upper border of the meatus ; (3) a squamosal line from 
the mmost external point of the external angular process, at the level of the superior 
borcller of the orbit to the junction of the middle and lower thirds of the frontal line, 
and prolonged for about 3.7 cm. (134 in.) behind the frontal line. The upper ex- 
trenraity of the central fissure was found by them to lie between the mid-sagittal point 
and a point 18 mm. (34 in.) behind it, and the lower extremity of this fissure they 
located near the squamosal line, about 18 mm. (34 in.) in front of its junction with 
the frontal line. The commencement of the lateral portion of the Sylvian fissure is 
not aat a definite fixed point, but will usually be hit at a point from 3.7-5 cm. (114-2 
in.) behind the angular process, the course of the horizontal portion of this 
fissure corresponding closely to the squamosal line (Mills). 
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Semidiagrammatic view of head, showing relation of Rolandic and Sylvian fissures and lines. 


_ . Whe fissure of Sylvius begins anteriorly, approximately, at a point 3 cm. (1% 
in.) behind the external angular process of the frontal bone ; and ends posteriorly at 
4 pint 18 mm. (34 in.) below the parietal eminence. A straight line between these 
two points will represent the fissure, which is about 1o cm. (4 in.) long. The an- 
tenor 18 mm. (34 in.) of this line will correspond to the main portion of the fissure 
the remainder to the horizontal limb. The vertical limb ascends for about 
2.5 Sm. (1 in.) from the posterior end of the main fissure. Around the posterior 
Of the horizontal limb, and approximately under the parietal eminence lies the 
Supfamaryinal convolution. It is continuous in front with the ascending parietal 
convolution, and behind with the angular gyrus. 
The paricto-occipital fissure is most marked on the mesial surface of the brain. 
The external limb passes outwards, almost at right angles to the longitudinal fissure 
on the external surface for about 2.5 cm. and lies from 2-3 mm. in front of the lambda. 
_ The frontal lobe is divided into three main convolutions by the superior and. in- 
ferior frontal sulci. The line for the superior frontal sulcus passes directly backward 
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on the same side. We have already seen that lesions of the cortex produce mono- 

pleg= fa, unless large enough to involve the whole motor zone, but cortical hemiplegia 

is mrauch more common than cortical monoplegia. In the internal capsule the motor 

fib-=s are gathered together so compactly that a small lesion, as an apoplectic hemor- 

thagzre, will frequently interrupt the whole tract and give a hemiplegia of the opposite - 
side= of the body. 

In the medulla and cord the tracts of both sides are so close together that a 
lesie»m may easily paralyze both sides (paraplegia) ; indeed, diseases of the cord fre- 
que ratly involve the whole transverse section, paralyzing sensation as well as motion. 

Hemiplegia is, therefore, the common form of cerebral paralysis ; paraplegia the 
comasnon form of spinal paralysis ; while »onop/egia occasionally results from lesions 
oft hre brain cortex, but more commonly from lesions of peripheral nerves. 

The sides and convexity of the brain can be exposed for operation, so that lesions 
of the cortex can be attacked and often removed ; but the region of the internal 
apssule, which is near the basal ganglia, cannot be reached. 

The soft brain may be injured by contact with its bony walls when the head is 
violently shaken, the spaces surrounding the brain and filled with fluid permitting 
considerable movement of the brain. The injury in cerebral contusion occurs more 
frequrently on the under surface, both as regards the cerebrum and cerebellum, than 
on any other part (Prescott Hewett). That portion, however, which includes the 
medulla, pons, and interpeduncular space, rests on a large collection of cerebro- 
spinal fluid, and is least frequently injured. 
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exact relations of the Edinger-Westphal nucleus to the fibres of the third nerve are still unde- 
termined, and, indeed, even its close association with these has been questioned. The assumed 
importance of the nucleus as a centre for pupillary reflexes (Bernheimer) has been seriously 
shaken by the recent observations of Tsuchida.' This investigator also denies the existence 
of a well marked and constant unpaired median nucleus as described by Perlia, but admits the 
presence of broken groups of medially placed cells, especially in the upper and lower thirds of 
the nucleus. The lateral group of cells, beginning in the floor of the third ventricle and extend- 
ing caudally as far as the upper third of the chief nucleus, constitutes the nucleus of Darksche- 
witsch. Notwithstanding its proximity to the origin of the third nerve, this nucleus is now 
regarded as having no direct relation with that of the oculomotor, but as standing in intimate asso- 
ciation with the posterior longitudinal bundle, among whose fibres the cells to a large extent 
lie; it is, therefore, now often referred to as the nucleus fasciculi longitudinalis posterioris. 
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Dissection of right orbit, showing oculomotor and abducent nerves. 


Although it may be assumed with much probability that the fibres destined for the different 
eye-muscles originate from definite groups of nerve-cells, all attempts to locate with accuracy 
the position of such centres within the oculomotor nucleus have met with only partial success. 
Tsuchida’s conclusions, based upon histological, embryological, comparative and clinical data, 
point to an unexpected diffuseness in the origin of the oculomotor fibres with only a limited 
relation to distinct groups. 

Concerning the mooted question as to the extent of decussation of the oculomotor fibres 
it seems probable that such crossing occurs principally within the caudal portion of the 
chief nuclei, although, according to Tsuchida and others, some decussating fibres are found 
throughout the greater part of the nuclei. 


The fibres of the third nerve originate principally as the axones of the cells on 
the same side, although a small number are derived from the neurones lying on the 
opposite side of the mid-line. Some of these decussating fibres supply the internal 
rectus and are related with the nucleus of the sixth nerve, which sends fibres by way 
of the posterior longitudinal bundle into the oculomotor nucleus. Whether these 


' Arbeiten a, d. Hirnanatom. Institut in Ziirich, Heft ii., 1906. 


on, slightly in front of the precentral fissure (Mills)—proceed 


a, the internal capsule and the cerebral peduncle to the oculo- 
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Intracranial Course.—Leaving their deep origin as the axones of the nuclear 
cells, the oculomotor fibres sweep in ventrally directed curves (Fig. 963) through 
the posterior longitudinal bundle, tegmentum, red nucleus and inner margin of the 
substantia nigra and, collected into about a dozen root-bundles, have their super- 
ficial origin along a shallow groove, the ocu/omotor sulcus (Fig. 974), on the 
medial surface of the cerebral peduncle, just in front of the pons and at the side of 
the interpeduncular space. 

Beyond this superficial origin, the linear group of root-fibres soon becomes 
consolidated into the large and conspicuous trunk of the third nerve, although not 
infrequently one root-bundle emerges more laterally from the ventral surface of the 
cerebral peduncle and for a short distance remains separated from the other constit- 
uents. The nerve courses forward and outward from the posterior perforated space, 
between the posterior cerebral and superior cerebellar arteries, to the outer side 
of the posterior clinoid process, where, in the triangular interval between the free 
and attached borders of the tentorium, it enters the dura (Fig. 1033). Embedded 
within this membrane, the nerve follows the upper portion of the outer wall of the 
cavernous sinus and leaves the cranium by entering the orbit through the sphenoidal 
fissure. On gaining the median end of the fissure the nerve divides into a superior 
and an fnfertor branch, which enter the orbit by passing between the two heads of 
the external rectus muscle, in company with, but separated by, the nasal branch of 
the trigeminal nerve, the sixth nerve lyjng below. 

Branches and Distribution.—The superior branch (ramus superior) (Fig. 
1051), the smaller of the two, passes upward, over the optic nerve, to the superior 
rectus muscle, which, together with the levator palpebrz superioris, it supplies. In 
both cases the nerve enters the ocular surface of the muscle. 

The inferior branch (ramus inferior) (Fig. 1051) is directed forward and, 
after giving off twigs to the ocular surface of the internal and inferior recti, is 
continued below the eyeball, between the inferior and external straight muscles, to 
supply the inferior oblique, whose posterior border it enters. This, the longest 
branch of the oculomotor nerve, in addition to sending one or two fine twigs to the 
inferior rectus, contributes a short thick ganglionic branch (Fig.1051), which joins 
the postero-inferior part of the ciliary ganglion (page 1236) as its short or motor 
root and conveys fibres destined for the sphincter pupilla and ciliary muscles. 
Sensory fibres from the ophthalmic division of the fifth nerve are distributed to the 
muscles along with the fibres of the third, having joined the latter before it entered 
the orbit. Similarly in the wall of the cavernous sinus, the nerve is joined by 
sympathetic fibres from the cavernous plexus on the internal carotid artery. 


Variations. --These consist, for the most part, of unusual branches which at times seemingly 
replace one of the other motor orbital nerves. Thus, the third nerve may give a branch to the 
external rectus, either in addition to, or to the exclusion of the sixth, which may be absent ; or 
it may give a filament to the superior oblique. Minor deviations in the course of its branches, 
such as piercing the inferior rectus or the ciliary ganglion, have also been recorded. 


THE TROCHLEAR NERVE. 


The fourth or trochlear nerve (n. trochlearis), also called the pathetic, is the 
smallest of the cranial series and supplies the superior oblique muscle of the eyeball. 
The deep origin of the nerve is from the troch/ear nucleus, a small oval collection 
of cells situated in the ventral part of the gray matter surrounding the Sylvian aque- 
duct, that extends from opposite the upper part of the inferior quadrigeminal body 
to the lower pole of the superior colliculus. This nucleus, about 2 mm. in length, 
lies near the mid-line and immediately below (caudal to) that of the third nerve, 
from which, however, it is distinct, being separated by a narrow interval from the 
ventral part of the oculomotor nucleus. It lies in intimate relation with the pos- 
terior longitudinal fasciculus in a distinct depression on the dorsal surface of that 
bundle (Fig. 960). In structure the trochlear nucleus resembles that of the oculo- 
motor, its nerve-cells including those of large, medium and small size. 

Arising from the nucleus, the root-fibres of the fourth nerve pursue a course 
of considerable length within the mid-brain before gaining their superficial origin. 


tudinal bundle it is brought into with the: 
inenring harmonious action of thei ¢ye snscles; farther, 
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the external rectus muscle and, directed medially, crosses above the levator palpebree 
superioris and superior rectus and reaches the superior oblique, which it enters on 
the upper surface close to the external border (Fig. 1056). 

The communications of the trochlear nerve, as it courses in the wall of the 
cavernous sinus are: (1) filaments from the carotid sympathetic plexus; (2) fibres 
of common sensation from the ophthalmic division of the fifth. 


Variations.—The course of the trochlear nerve is sometimes through instead of over the 
levator palpebrz superioris. Unusual branches to sensory nerves, as the frontal, supratroch- 
lear, the infratrochlear and the nasal, are probably due to the aberrant course of sensory fibres 
from the trifacial. The fourth nerve occasionally sends a branch to the orbicularis palpebrarum. 


THE TRIGEMINAL NERVE. 


The fifth, trigeminal or trifacial nerve (n. trigeminus), the largest of the cranial 
series, is a mixed nerve and consists of a large sensory part (portio major) and a 
much smaller »ofor portion (portio minor). The former supplies fibres of common 
sensation to the front part of the head, the face, a portion of the external ear, the 
eye, the nose, the palate, the naso-pharynx in part, the tonsil, the mouth and the 
tongue. The motor portion is distributed to the muscles of mastication, the mylo- 
hyoid and the anterior belly of the digastric. The relation of the fibres composing 
these two parts to the cells within the brain-stem is, therefore, very different, in the 
case of the motor fibres the cells being a nucleus of origin and in that of the sensory 
fibres one of reception. 

The Sensory Part.—The fibres comprising the sensory part of the trigeminal 
nerve, which convey sensory impulses from the various head-structures, are the pro- 
cesses of cells lying outside the central axis in the Gasserian ganglion on the sensory 
root. The portions of the fibres between the periphery and the ganglion correspond 
to elongated dendrites, while the much shorter centrally directed constituents of the 
sensory root, connecting the ganglion with the brain-stem, are the axones of the 
Gasserian neurones. The general resemblance between the fifth cranial nerve and a 
typical spinal nerve is striking, in each case the sensory root bearing a ganglion and 
the motor root proceeding from cells within the central nervous axis. 

Proceeding brainward as axones of the Gasserian cells, the sensory fibres of the 
trigeminal nerve become consolidated into the large sensory root, which passes 
through an opening in the dura mater (Fig. 1033) situated beneath the attachment 
of the tentorium cerebelli to the posterior clinoid process. Coursing backward 
through the posterior fossa of the cranium it enters the brain-stem on the lateral sur- 
face of the pons, slightly behind the superior border, as the conspicuous group of 
robust bundles that mark the superficial origin of the nerve (Fig. 1046). Just above 
it is the superficial origin of the motor root, from which it is separated by a small 
bundle of pontine fibres which belong to the middle cerebellar peduncle. Below and 
in line with it are the superficial origins of the facial and auditory nerves. 


Entering the tegmental portion of the pons, close to the overlying superior cerebellar 
peduncle, the sensory fibres soon come into relation with the extensive trigeminal reception- 
nucleus, a columnar mass of gray matter within the lateral part of the tegmentum (Fig. 935). 
This nucleus extends from the middle of the pons through the entire length of the medulla and 
into the spinal cord as far down as the level of the second cervical segment, where it becomes 
continuous with the substantia gelatinosa of the cord. The rounded and enlarged upper end 
of this tapering column is described as the sensory nucleus of the fifth nerve, although it com- 
prises only a small part of the reception-nucleus, The latter, in turn, is the upward prolongation 
of the substantia gelatinosa Rolandi, conspicuous in all cross-sections of the lower pons and 
medulla as an oval field of gray matter (Fig. 930). 

On nearing this column the sensory fibres divide into ascending and descending branches, 
much in the same way as the posterior root-fibres bifurcate within the posterior columns of the 
cord, The ascending fibres, distinctly finer than the descending, soon penetrate the sensory 
nucleus and the substantia gelatinosa and end in arborizations around the neurones of the 
reception nucleus. The coarser descending fibres become collected into a compact bundle, the 
descending or spinal root (tractus spinalis n. trigemini), whose medially directed concavity closely 
embraces the lateral surface of the column of gray substance. Beginning with its descent, the 
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spinal root gives off collaterals and fibres that bend medially, enter the adjacent substantia gel- 
atinosa and end in arborizations around the reception cells of that nucleus. Since the number of 
fibres is thus progressively reduced during the descent of the spinal root, the tract is tapering, 
becoming smaller and smaller as it approaches the spinal cord until within the upper part of the 
latter, at about the level of the second cervical nerve, it finally disappears. In its descent through 
the brain-stem the spinal tract becomes more and more superficially placed, in the lower part of 
the pons lying to the inner side of the restiform body, separated from it by the vestibular division 
of the auditory nerve, and lower, in the lateral area of the medulla, occupying a position close 
to the surface as it rests upon the expanded gelatinous substance of the tuberculum Rolandi. 

The central connections of the sensory part of the trigeminus (Fig. 1054), by way either of 
the collaterals of the fibres of the spinal root or of the axones and collaterals of the axones of 
the reception neurones, are undoubtedly very extensive, since the impulses collected by this 
important nerve are widely dispersed. The most important paths for such distributions are : 

1, By axones that pass, as arcuate fibres, from the cells of the reception-nucleus across the 
raphe to join the opposite mesial fillet 
and ascend to the optic thalamus and Fic. 1054. 
thence, after interruption in the cells of 
the latter, by axones of thalamic neu- 
fones to the cerebral cortex. It is prob- 
able that some of the arcuate fibres do 
Bot cross the mid-line, but ascend within 
the mesial fillet of the same side. It is 
alo probable that collaterals of the 
arcuate fibres pass to the trigeminal, 
as and glosso-pharyngeo-vagal motor 


2, By axones from the cells of the 
Teeption nucleus that enter the infe- 
tor cerebellar peduncle of the same side 
and pass to the cerebellar cortex as con- 
Stituents of the sucleo-cerebellar tract. 

3. By collaterals that are distrib- 
ted to the nuclei of origin of the hypo- 
ghssal and of the motor part of the tri- 
geminus and facial nerves, whereby 

important motor nerves are 
brought directly under the influence of 
the sensory part of the fifth. 


The Motor Part.—In con- 
trast to the median position of the 
nuclei of origin of the oculomotor, 
tochlear, abducent and hypoglos- 
= nerves, the deep origin of the Diagram showing relations of trigeminal root-fibres to nuclei 
Motor part of the trigeminus In- within brain-stem; GG, Gasserian ganglion with divisions (/, 
dudes groups of cells that lie at /4///) of sensory part of nerve; SR, ALR, sensory and motor 


é h d roots; py sensory nucleus 7G. substantia gelatinosa ; RS ; i- 
some nal or descending root; F, mesial jet; , nucleo-cerebellar 
. distance from the raphe an fibre: Af, motor Racleus; MsR, mesencephalic root; $/, sub- 
into series with the laterally stantia ferruginea; C8, cortico-bulbar fibres. 
Placed nuclei of the motor parts of 


other mixed cranial nerves—the facial, the glosso-pharyngeal and the vagus. 





1, The largest contingent of the motor fibres of the trifacial nerve arise as axones from the 
Reurones within the chief motor nucleus (nucleus masticatorius) (Fig. 935). This nucleus con- 
ss of a short columnar collection of gray matter, oval on cross-section, which lies in the upper 
Part of the pons, close to the median side of the sensory nucleus. It is composed of large stel- 
kite cells from which, as their axones, the motor fibres proceed outward through the tegmentum 
to their superficial origin on the pons, A small number of fibres, from the more medially situ- 
ated cells of the nucleus, pursue a dorsally convex course toward the raphe, which they cross 
Close beneath the floor of the fourth ventricle to join the motor nucleus of the opposite side and 

incorporated in the opposite trigeminal motor root. 

2. A second and smaller constituent of the motor root, the descending mesencephalic root 

Radix dexcendens n. trigemini) includes fibres that arise from cells lying within the lateral part 
Of the gray matter surrounding the Sylvian aqueduct. In cross-sections (Fig. 936) this root 
pears as a delicate crescentic bundle that descends from the mid-brain to join the larger tract 
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of fibres from the chief motor nucleus. In its downward course the mesencephalic root is 
joined by numerous fibres which have their origin in the pigmented cells of the substantia ferru- 
ginea (page 1081) of the same and, possibly, of the opposite side. 


The fibres from these various sources—the mesencephalic nucleus, the substan- 
tia ferruginea and the motor nucleus—become consolidated into the motor root of 
the trigeminal nerve, whose superficial origin (Fig. 1046) is just above that of the 
sensory root, from which it is separated by some of the superficial transverse fibres 
of the pons. Leaving the side of the pons, the motor root follows the same course 
to and through the dura mater as does the sensory, to the inner side of which it lies. 
It eventually passes beneath the Gasserian ganglion to become exclusively an 
integral portion of the mandibular division of the trigeminal. 


The cortical connections of the motor root are established by fibres that arise from cells 
within the cortical gray matter of the lower third of the precentral convolution. Thence, as 
constituents of the pyramidal tracts, they descend through the corona radiata, the internal cap- 
sule and the cerebral peduncle into the pons, where, for the most part after decussation, they 
terminate in end-arborizations around the radicular cells of the motor trigeminal nuclei. 


The Gasserian Ganglion.—The Gasserian ganglion (ganglion semilanare 
[Gasseri] ) (Fig. 1055) is an important complex of nerve-fibres and cells, which lies 
in a slight depression on the 
Fic. 1055. apex of the petrous portion of 

the temporal bone. In shay 
it is a flattened crescent with its 
2 Optic convexity forward, measuring 
Serre, from 1.5-2 cm. in width and 
inet about rcm. in length. The sur- 


ie. face of the ganglion presents an 

cnerve, by hare : 

~ ca "irregular longitudinal or reticu- 
new aie a : 

-Inem#  larstriation. From the anterior 


carotid art, 


*VLnene’ expanded convex border of the 
yanglion arise the ophthalmic 
and maxillary nerves and the 
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the fifth nerve. The ganglion 
Gasserian lies in Weckel’s space (cavum 
apetin Meckelii), a cleft produced by a 
delamination of the dura mater, 
and comes in relation internally 


with the cavernous sinus and 
Gasserian ganglion of left side viewed from above; sensory and the internal carotid artery. Be- 


Motor roots and three divisions of trigeminal nerve are seen. . a 
neath, but unconnected with it, 
are the motor root of the trifacial and the great superficial petrosal nerve. In struc- 
ture it resembles a spinal ganglion, being composed of the characteristically modified 
neurones, trom whose single processes proceed the peripherally directed dendrites 
and the centrally coursing axones. 

In addition to the three large trunks given off from the anterior margin, the 
branches of the Gasserian ganglion include some fine meningeal filaments 
which arise from the posterior end of the ganglion and are distributed to the adja- 
cent dura mater. 


Communications.—At its inner side the Gasserian ganglion receives filaments from the 
adjacent carotid plexus of the sympathetic, which end in relation with the cells of the ganglion. 


Divisions of the Trigeminal Nerve.—These are three in number, the oph- 
thalmic, the maxillary and the mandibular nerves. — They arise from the anterior 
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margin of the Gasserian ganglion, the formation of the mandibular nerve being com- 
pleted by the accession of the motor root of the trigeminal. 

I. The Ophthalmic Nerve.—The ophthalmic nerve (n. ophthalmicus) (Fig. 
1056), the smallest of the three divisions, is purely sensory and supplies the upper 
eyelid, the conjunctiva, the eyeball, the lachrymal gland, caruncle and sac, the fore- 
hezaci and anterior part of the scalp, the frontal sinus and the root and anterior por- 
tio of the nose. It arises from the anterior margin of the Gasserian ganglion and 

upward and forward for about 25 mm. in the external wall of the cavernous 
simuns, lying below the fourth nerve. Reaching the sphenoidal fissure it breaks up 
jnt © its terminal branches, which pass through the fissure into the orbit. 

Branches and Distribution.—The branches of the ophthalmic nerve are: 
(1) the recurrent, (2) the communicating, (3) the lachrymal, (4) the frontal, and 
(5> the zasa/, of which the last three are terminal branches. 


Fic. 1056. 

















* <= Supraorbital nerve 
a. 
‘a Lachrymal gland 


Levator palpebra: superioris 
“Superior rectus 


Olfactory bulbs Frontal nerve 


Saperior oblique muscle External rectus 


TV. nerve 
Lachrymal nerve 
Cut edge of bone 
on Ophthalmic division of V. nerve 
tic nerve j 
a = Maxillary division of V. nerve 


F . Mandibular division of V. nerve 

Optic chiasm >) 

Internal carotid artery —= Gasserian ganglion 
' 

Optic tract — | 


Meatus auditorius internus 


VI1. nerve, motor part 


Pars intermedia 


VIL. netve 


Root of Tight orbit has been removed to expose branches of ophthalmic division of trigeminal nerve; Gasserian 
ganglion, and third, fourth, sixth, seventh and eighth nerves also seen. 


1, The recurrent branch (n, tentorii) arises shortly after the nerve leaves the 
fanglion. It passes across and is adherent to the trochlear nerve and is distributed 

veen the layers of the tentorium cerebelli. 

2. The communicating branches are three slender filaments which are given 
of before the nerve breaks up into its terminal branches ; they join the trunks of the 
third, fourth and sixth nerves, to whose muscles they supply sensory fibres. During. 
"Ss passage through the cavernous sinus, the ophthalmic nerve receives some tiny 
flaments from the cavernous sympathetic plexus. 

3. The lachrymal nerve (n. lacrimalis) (Fig. 1053) is the smallest of the 
terminal branches. It lies to the outer side of the frontal nerve and traverses the 
outer angle of the sphenoidal fissure in its own sheath of dura mater. It passes 

re the origin of the orbital muscles and courses along the lateral wall of the orbit, 

ve the external rectus, to the upper outer angle of the orbit, where it pierces the 
Palpebral fascia near the external canthus to terminate in the upper eyelid. It sup- 
Plies the lachrymal gland, the upper eyelid and the skin around the external canthus. 
78 
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Within the orbit the lachrymal nerve communicates with the temporal branch 
of the temporo-malar nerve and on the face with the temporal branch of the facial. 
The latter is one of the numerous sensory-motor communications between the 
terminal fibres of the fifth and seventh nerves. 


Variations.—Occasionally the lachrymal nerve seems to be partly derived from the troch- 
lear ; the true source of such fibres, however, is probably the ophthalmic nerve, by way of its 
communicating branch to the fourth. Considerable variation is found in connection with the 
temporal branch of the temporo-malar nerve. The lachrymal nerve or the temporal branch of 
the temporo-malar may be absent, the place of either being taken by the other, or the lachrymal 
may be small at its origin and later increased to normal size by accessions from the temporal 
branch of the temporo-malar. 


4. The frontal nerve (n. frontalis) (Fig. 1053) is the largest branch of the 
ophthalmic. It enters the orbit, invested by its own dural sheath, through the 
sphenoidal fissure and above the orbital muscles and passes directly forward between 
the periosteum and the levator palpebre superioris. At a variable point, usually 
about the middle of the orbit, it divides into its terminal branches, the (a) supra- 
trochlear and (6) the supraorbital. 


a. The supratrochlear nerve (n. supratrochlearis) is the smaller of the two terminal 
branches. It passes inward and forward over the pulley of the superior oblique and thence 
between the orbicularis palpebrarum and the frontal bone, leaving the orbit at its upper inner 
angle. Near the pulley it gives off a branch which joins the infratrochlear (Fig. 1057) and at 
the edge of the orbit supplies filaments (nn. palpebrales superiores) to the skin and conjunctiva of 
the upper eyelid. It then turns upward and subdivides into a number of small branches which 
pierce the substance of the frontalis and orbicularis palpebrarum muscles to supply the inner 
and lower part of the forehead. 

6. The supraorbital nerve (n. supraorbitalis) (Fig. 1056) continues directly the course of 
the frontal nerve. It lies close to the periosteum throughout its entire orbital course and leaves 
the orbit through the supraorbital notch or foramen. In this situation it sends a small filament 
to the frontal sinus to supply its diploé and mucous membrane. As it leaves the orbit it sup- 
plies some fine twigs to the upper eyelid and then divides into a larger outer and smaller inner 
branch. These pass upward on the forehead beneath the frontalis muscle, occasionally occupy- 
ing quite deep grooves in the frontal bone, and terminate by being distributed to the scalp and 
pericranium. The outer branch extends back nearly to the occipital bone, while the inner 
passes only a short distance posterior to the coronal suture. 

Both branches of the frontal, the supratrochlear and the supraorbital, communicate with 
branches of the facial nerve and thereby supply sensory filaments to muscles supplied by the 
seventh, 


Variations.—The nerve may divide before leaving the orbit and in that event only the outer 
branch posses. through the normal osseous channel. The inner sometimes has a special groove, 
named by Henle the /ronta/ notch. 


5. The nasal nerve (n. nasociliaris) (Fig. 1057) is intermediate in size 
between the lachrymal and the frontal. It enters the orbit, clothed in dura mater, 
through the sphenoidal fissure, between the heads of the external rectus and between 
the superior and inferior divisions of the oculomotor nerve. Turning obliquely in- 
ward, it crosses the optic nerve and passes beneath the superior oblique and superior 
rectus muscles and above the internal rectus. Thence it traverses the anterior eth- 
moidal foramen to enter the cranial cavity, where it passes forward in a groove in 
the lateral part of the cribriform plate of the ethmoid bone. Leaving the cranium 
through the nasal fissure, the nerve enters the nasal fossa, where it breaks up into 
its three terminal branches. 

Branches.—These are: (a) the ganglionic, (6) the long ciliary, (c) the infra- 
trochlear, (d) the internal nasal, \¢) the external nasal and (/) the anterior nasal, of 
which the last three are terminal branches. 


a. The ganglionic branch (radix longa) (Fig. 1057) usually leaves the nerve between the 
heads of the external rectus and passes forward along the outer side of the optic nerve to enter 
the upper posterior portion of the ciliary ganglion, of which it forms the sensory or long root. 

6. The long ciliary branches (nn. ciliares longi) (Fig. 1058) are two in number. They pass 
forward along the inner side of the optic nerve and, after joining one or more of the short ciliary 
nerves, pierce the sclerotic coat of the eye to be distributed to the iris, ciliary muscle and cornea. 
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¢. The infratrochlear nerve (n. infratrochlearis) (Fig. 1058) runs forward along the inner 
orbital wall and beneath the superior oblique muscle and its pulley to the inner end of the pal- 
pebral fissure, where it terminates. Near the pulley it receives a filament (the supratrochlear) 
from the nasal nerve. It supplies the skin of the upper eyelid and root of the nose, as well as 
the conjunctiva and the lachrymal caruncle and sac. 

d. The internal nasal or septal branch (rr. mediales) (Fig. 1048) supplies the mucous mem- 
brane of the anterior portion of the septum. 

+. The external nasal branch (rr. laterales) (Fig. 1047) supplies the front part of the middle 
and inierior turbinate bones and outer wall of the nasal fossa. 

J. The anterior nasal branch (rc. nasalis extremus) passes downward in a groove in 
the under side of the nasal bone and then between the lower end of the nasal bone and the 
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Upper lateral cartilage of the nose, finally emerging from under cover of the compressor naris 
Muscle. It supplies the skin of the fore-part and tip of the nose. 


Variations.—The nasal nerve may send branches to the superior and internal recti and 
levator palpebre superioris muscles. In one case a small ganglion connected with the nasal 
nerve sent fibres to the third and sixth nerves. Instances are recorded of absence of the 

trochlear branch, the deficiency being supplied by the supratrochlear. Branches to the 
frontal and ethmoidal sinuses are described as being given off in the anterior ethmoidal fora- 
men, and a branch has been found which Pe through the posterior ethmoidal foramen to 
Supply the sphenoidal and posterior ethmoidal sinuses. The latter has been called by Luschka 
the spheno-ethmoidal and by Krause the posterior ethmoidal branch. 


The Ganglia associated with the Trigeminal Nerve.—Four small ganglia 
are connected with the extracranial portion of the fifth nerve. They are the ciliary, the 
spheno-palatine, the otic and the submaxillary. The ciliary ganglion is associated 
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with the ophthalmic nerve, the spheno-palatine with the maxillary and the otic and 
submaxillary with the mandibular. Each is the recipient of three roots—a motor, a 
sensory and a sympathetic—and from each ganglion branches are given off to more or 
less contiguous structures. 

The significance of these bodies—whether of the nature of spinal or sympathetic 
ganglia—has long been a subject of discussion. The close resemblance of their 
nerve-cells to the stellate neurones of undoubted sympathetic ganglia, as shown by the 
investigations of Retzius, KGlliker and others, as well as the results of experimental 
studies (Apolant), justifies the conclusion that these ganglia are properly regarded 
as belonging to the sympathetic group. They are, therefore, probably stations 
in which certain motor and secretory fibres contributed by various nerves end in 
arborizations around sympathetic neurones, from which axones pass for the immedi- 
ate supply of involuntary muscle and glandular tissue. The fact that these small 
ganglia are derivations of the early Gasserian ganglion is in accord with the mode 
of origin of the sympathetic ganglia elsewhere (page 1013). 
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The Ciliary Ganglion.—The ciliary, ophthalmic or Jenticular ganglion 
(g. ciliare) (Fig. 1058), as it is varyingly called, is a small reddish mass, about 
2 mm. long in the antero-posterior direction, and approximately quadrilateral in out- 
line. It is compressed laterally and to each angle is attached one or more bundles of 
nerve-fibres. It lies near the apex of the orbit on the outer side of the optic nerve, 
between the latter and the external rectus muscle and anterior to the ophthalmic artery. 

The nerve-cells within the ganglion are chiefly multipolar elements, which 
closely resemble sympathetic neurones (Retzius) and send their axones towards the 
eye by way of the short ciliary nerves. 

Roots.—All of these enter the posterior margin of the ganglion. The motor 
or short root (radix brevis), the thickest of the roots and sometimes double, is an off- 
shoot from the branch of the oculomotor nerve which supplies the inferior oblique 
muscle. It_is short and comparatively robust and joins the postero-inferior portion 
of the ganglion. The sensory or long root (radix longa) arises from the nasal branch 
of the ophthalmic, leaving the latter between the heads of the external rectus. It is 
long and slender and passes forward to enter the upper posterior angle of the gang- 
lion, occasionally being fused with the sympathetic root. The sympathetic root (radix 
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gedia) is a tiny filament which arises from the cavernous plexus and runs forward to 
enter, either alone or with the sensory root, the upper posterior angle of the ganglion. 
Branches.—These are the short ciliary nerves (nn. ciliares breves). They 
number from four to six and by division are increased to twelve or twenty before 
reaching the eyeball (Fig. 1058). They arise as two fasciculi from the upper and 
lower anterior angles of the ganglion and pass forward above and below the optic 
nerve. The lower set is the more numerous and on its way forward is joined by the 
long ciliary nerves from the nasal, with which one or more of its constituent branches 
usually fuse. After piercing the sclerotic coat in two groups, one below and the 
other above the entrance of the optic nerve, they pass forward in grooves on the 
inner surface of the sclerotic to supply the choroid, iris, ciliary muscle and cornea. 


The short ciliary nerves include three sets of fibres: (1) Sympathetic fibres destined for 
the walls of the blood-vessels and the radial (dilator) muscle of the iris ; these are links in the 
chain made up of (a2) white rami communicantes from the upper thoracic spinal nerves to the 
cervical gangliated cord, and (4) the axones of neurones within the sympathetic ganglia. (2) 
Fibres supplying the ciliary muscle and the circular (sphincter) muscle of the iris, which, while 
in a sense the continuations of the oculomotor nerves, are immediately the axones of the stellate 
sympathetic neurones within the ciliary ganglion. (3) Trigeminal fibres which transmit sensory 
impulses from the interior of the eyeball, in conjunction with the long ciliary nerves. 


Variations.—The motor root occasionally bifurcates before it reaches the ganglion. As 
noted above, the sensory and sympathetic roots frequently form a common trunk of entrance 
into the ganglion. Occasionally the ganglion is very small, due possibly to the scattering of its 
constituent neurones among the nerves connected with it (Quain). Additional roots have been 
described as coming from the superior division of the oculomotor, from the trochlear, from the 
ae from the abducent and from the spheno-palatine ganglion. Absence of the sensory 
toot has been noted, the deficiency possibly being corrected by the long ciliary nerves convey- 
Ing sensory fibres directly from the nasal to their destination, instead of these fibres passing 
through the ganglion. The sympathetic root may be multiple, a condition held by some to be 
normal, some of the fibres accompanying the oculomotor nerve. 


II, The Maxillary Nerve or superior maxillary nerve (n. maxillaris) is purely 
sensory and is intermediate in size between the ophthalmic and mandibular divisions 
othe trigeminus. It supplies the cheek, the anterior portion of the temporal region, 
the lower eyelid, the side of the nose, the upper lip, the upper tecth, and the mucous 
membrane of the nose, naso-pharynx, maxillary antrum, posterior ethmoidal cells, 
soft palate, tonsil and roof of the mouth. Arising from the middle of the anterior 
convex border of the Gasserian ganglion, it passes forward beneath the dura mater in 
the middle cranial fossa, lying below the cavernous sinus (Fig. 1053). The nerve 
leaves the cranium through the foramen rotundum, traverses the spheno-maxillary 
fossa and enters the orbital cavity by means of the spheno-maxillary fissure. It 
Sccupies and then parallels the floor of the orbit in the infraorbital groove and canal, 

nally emerging on the face by passing through the infraorbital foramen. Here it 
aks up fanlike into three terminal groups of branches ( Fig. 1060). 

Branches and Distribution.—Branches are given off from the maxillary 
Nerve in the cranium, in the spheno-maxillary fossa, in the infraorbital canal and 
on the face. These are: within the cranium, (1) the xecurrent; within the 
Spheno-maxillary fossa, (2) the spheno-palatine, (3) the posterior superior 
dental and (4) the femporo-ma/ar; in the infraorbital canal, (5) the middle 
Superior dental and (6) the anterior superior dental; on the face (7) the 
inferior palpebral, (8)the lateral nasal and (9) the superior labial. The last 

ree are terminal branches. 

1. The recurrent branch (n. meningeus) is given off before the maxillary nerve 
Passes through the foramen rotundum, [t supplies the dura mater in the middle 
Cranial fossa. 

2, The two or three spheno-palatine branches (nn. sphenopalatini) (Fig. 
1961) arise in the spheno-maxillary fossa. They are short and thick and pass directly 
downward to the upper margin of the spheno-palatine ganglion, whose sensory root 
they supply. Only a small part of their fibres actually traverse the ganglion, the 
much larger part passing lateral to or in front of the ganglion, to be continued 
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into the orbital, posterior nasal and palatine branches. While in neither case are the 
trigeminal fibres interrupted in the ganglion, in both instances they receive sympa- 
thetic fibres from the ganglion, which accompany the trigeminal ones. 

3. The posterior superior dental nerve (r. alveolaris superior posterior) 
(Fig. 1060) is frequently double. It passes downward and forward with the posterior 
dental artery through the pterygo-maxillary fissure to reach the zygomatic surface of 
the maxilla. It supplies tiny filaments to the gum and adjacent mucous membrane of 
the cheek and enters the posterior dental canals to supply the molar teeth. It forms 
a fine plexus (plexus dentalis superior) (Fig. 1059) with the middle and anterior 
superior dental nerves. 


Variation.—In the absence of the buccal branch of the fifth, the posterior superior dental 
has been observed to be of large size and to assume the distribution of the buccal. 


4. The temporo-malar or orbital nerve (n. zygomaticus) (Fig. 1053) after 
arising from the maxillary passes from the spheno-maxillary fossa into the orbit 


FIG. 1059. 





Diagram showing plan and connections of second and third divisions of trigeminus and their ganglia. 


through the spheno-maxillary fissure. It courses along the external orbital wall and 
divides into a temporal and a malar branch. The fempora/ branch (n. zygomaticotem- 
poralis) after inosculating with the lachrymal nerve passes through the spheno-malar 
foramen to enter the temporal fossa. It then runs between the bone and the temporal 
muscle and pierces the temporal fascia to be distributed to the skin of the anterior 
temporal region, [It communicates with the temporal branch of the facial nerve. 
The malar branch (n, zygomaticofacialis) traverses the malar foramen to supply the 
skin of the malar region. It joins with filaments from the malar branch of the 
seventh. 


Variations.—The nerve may pass through the malar bone before it divides, both branches 
May pass separately through canals confined to the malar bone, or the temporal branch may pass 
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7. The inferior palpebral branches (rr. palpebrales inferiores) (Fig. 1060) 
usually two in number, are the smallest of the terminal branches. They pass upward 
from the infraorbital foramen, pierce the origin of the levator labii superioris, pass 
around the lower margin of the orbicularis palpebrarum and supply the conjunctiva 
and skin of the lower eyelid. 

8. The lateral nasal branches (rr. nasales externi) (Fig. 1060), from two to 
four in number, pass inward under the levator labii superioris alzeque nasi and supply 
the skin of the side of the nose. 

g. The superior labial branches (rr. labiales superiores) (Fig. 1060), two to 
four in number, are the largest of the terminal branches. They pass downward 
under the levator labii superioris and, after supplying the antertor portion of the 
skin of the check, terminate in the mucous membrane and skin of the upper lip. 

The last three branches inosculate freely under the levator labii superioris with 
the infraorbital branch of the facial, forming the zufraorbital plexus (Fig. 1068). 

The Spheno-Palatine Ganglion.—The spheno-palatine ganglion (g. spheno- 
palatinum), also known as Afeckel’s, the spheno-maxillary or the nasal ganglion, isa 
small triangular reddish-gray body, with the apex directed posteriorly, situated in 
the upper portion of the spheno-maxillary fossa. It is flat on its mesial surface, 
and convex on its lateral, and measures about 5 mm. in length. It lies in close 
proximity to the spheno-palatine foramen and just beneath the maxillary branch of 
the trigeminal nerve (Fig. 1061). The ganglion is regarded as belonging to the 

* series of sympathetic nodes, and consists of an interlacement of nerve-fibres in which 
are embedded numerous stellate sympathetic neurones. 

Roots.—The sensory root consists of two, sometimes three, short stout 
filaments, the spheno-palatine nerves (nn. sphenopalatini), which pass directly 
downward from the lower margin of the maxillary nerve to the upper border of the 
ganglion. While some few of the fibres of this root are axones of the sympathetic 
ganglion-cells, the great majority are dendrites of the cells of the Gasserian ganglion 
which pass to a limited extent through, but mostly around, the spheno-palatine 
ganglion independently of its cellular elements. They are continued entirely into the 
various trunks that are usually described as branches of distribution of the ganglion 
(see below). 

The motor root is the great superficial petrosal nerve (n. petrosus superficialis 
major) which, in all probability, carries sensory aswell as motor fibres. _ It arises from 
the facial nerve in the facial canal, passes through the hiatus Fallopii and a groove in 
the petrous portion of the temporal bone and then under the Gasserian ganglion to 
reach the cartilage occupying the middle lacerated foramen. Here the great super- 
ficial petrosal nerve is joined by the sympathetic root, the great deep petrosal, 
(n. petrosus profundus), which is a branch from the carotid plexus. The two great 
petrosal nerves fuse over the cartilage at the middle lacerated foramen to form the 
Vidian nerve (n. canalis pterygoidei [Vidii] ) (Fig. 1061), which traverses the canal of 
the same name and enters the spheno-maxillary fossa to join the spheno- palatine 
ganglion. In its course through the canal the Vidian nerve gives off a few tiny 
nasal branches, which, composed of trigeminal and sympathetic fibres, supply the 
pharyngeal ostium of the Eustachian tube and the posterior part of the roof of 
the nose and the nasal septum, While in the canal, the Vidian nerve receives a 
filament from the otic ganglion. 


In addition to supplying (according to many anatomists) motor fibres to the levator palati 
and azygos uvule muscles, some of the facial fibres are especially destined for glandular struc- 
tures. Such fibres are probably interrupted around the stellate cells of the spheno-palatine 
ganglion, the axones of which then complete the paths for the secretory impulses. The sensory 
constituents of the great superticial petrosal nerve are, perhaps, of two kinds: (a) fibres from 
the cells of the geniculate ‘ganglion of the facial to the palatine taste-buds, and (4) recurrent 
trigeminal fibres, that, by way of the maxillary, spheno-palatine and great superficial petrosal 
nerves, are distributed with the peripheral branches of the Vidian or of the facial nerve. 

The great deep petrosal nerve represents the association cord between the superior cervical 
sympathetic and the spheno-palatine ganglion. Many of its fibres end in arborizations around. 
the stellate spheno-palatine cells, from which, in turn, axones pass to blood-vessels and glands. 
by way of the ganglionic branches of distribution. 
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Branches.—The branches of distribution of the spheno-palatine ganglion are 
conveniently grouped into four sets: (1) the ascending, (2) the descending, (3) the 
inte-ynal and (4) the posterior. 

1. The ascending or orbital branches (rr. orbitales) (Fig. 1059) are two or 
three tiny filaments, which pass into the orbit through the spheno-maxillary fissure and, 
after traversing the posterior ethmoidal canal or a small special aperture, are distrib- 
ute-ci to the sphenoidal and posterior ethmoidal air-cells and the periosteum of the orbit. 

2. The descending branches (nn. palatini) (Fig. 1059) are three: (@) the 
larg posterior palatine, (6) the small posterior palatine, and (c) the accessory pos- 
terzor palatine nerves. 


a. The /arge posterior palatine nerve (n. palatinus anterior ) leaves the spheno-maxillary fossa 
by means of the large posterior palatine canal, through which it descends to the inferior surface 
oi the hard palate. While in the canal it gives off one or two posterior inferior nasal branches 
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(rr. masales posteriores inferiores), which, escaping through small apertures in the perpendicular 
Plate of the palate bone, enter the nasal fossa and supply the mucous membrane of all but the 
anterior portion of the inferior turbinate bone and the adjoining portions of the middle and infe- 
Nor nasal meatuses. Emerging from its canal the main nerve passes forward in a groove on the 
nor aspect of the hard palate and inosculates with the terminal filaments of the naso-palatine 
herve. It supplies the hard palate and its mucous membrane, as well as the inner side of the gum. 
_ 6 The small posterior palatine nerve (n. palatinus posterior) descends in the small pos- 
tenor palatine canal. It supplies sensory filaments to the mucous membrane of the soft palate 
and the tonsil and motor ones to the levator palati and azygos uvulze muscles. 
© The accessory posterior palatine nerves (nn. palatinus medius) are one or more smalt 
filaments which pass through the accessory posterior palatine canals and supply the mucous 
Membrane of the soft palate and tonsil, 


3. The internal branches (rr. nasales posteriores superiores) (Fig. 1059) pass 
from the spheno-maxillary into the nasal fossa through the spheno-palatine foramen. 
They are: (a) the posterior superior nasal and (6) the naso-palatine nerve. 
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a. The posterior superior nasal nerve (rr. laterales) supplies the mucous membrane of the 
posterior superior portion of the outer wall of the nasal fossa. 

6. The naso-palatine nerve (n, nasopalatinus) (Fig. 1059) crosses the roof of the nasal 
chamber and passes downward and forward in a groove in the vomer and septal cartilage to 
reach the anterior palatine canal. It then passes through the foramen of Scarpa, the left nerve 
through the anterior and the right one through the posterior canal, the two nerves forming in 
this situation a fine plexus. Having reached the inferior surface of the hard palate, the naso- 
palatine inosculates with the large posterior palatine nerve, It supplies the roof and septum of 
the nose and that portion of the hard palate which lies posterior to the incisor teeth. 


4. The posterior branch (Fig. 1059) also known as the pharyngeal or 
ptervgo-palatine, \eaves the spheno-maxillary fossa through the pterygo-palatine 
canal and supplies the mucous membrane of the naso-pharynx in the region of the 
fossa of Rosenmiiller. 


Variations.—Branches of the ganglion have been described as passing to the abducent 
nerve, to the ciliary ganglion and to the optic nerve or its sheath. The accessory posterior 
palatine nerve is sometimes absent. Quite frequently the left naso-palatine nerve passes 
through the posterior foramen of Scarpa and the right nerve through the anterior. 


III. The Mandibular Nerve.—The mandibular or inferior maxillary branch 
(n. mandibularis) of the trigeminal nerve is the largest of its three divisions and, being a 
mixed nerve, consists of two portions, one sensory and the other motor. The sensory 
part is the larger and arises from the lower anterior portion of the Gasserian ganglion. 
The smaller mofor part is the motor root of the trigeminal nerve, which contributes 
exclusively to this division of the fifth nerve. Although these two portions are inti- 
mately associated in their passage through the foramen ovale, the motor bundle 
lying to the median side of the sensory, it is not until they emerge from the skull 
that they unite, immediately below the lower margin of the foramen ovale, to form 
the mandibular nerve. The sensory portion supplies the skin of the side of the 
head, the auricle of the ear, the external auditory meatus, the lower portion of the 
face and the lower lip, the mucous membrane of the mouth, tongue and mastoid 
cells, and the lower teeth and gums, the salivary glands, the temporo-mandibular 
articulation, the dura mater and the skull. The motor portion supplies the muscles 
of mastication (the temporal, the masseter and the external and internal pterygoids), 
the anterior belly of the digastric, the mylo-hyoid, the tensor palati and the tensor 
tympani muscles. — By union of the two constituents, a thick common trunk is formed, 
which, after a course of from 2-3 mm., separates under cover of the external ptery- 
goid muscle into an anferior and a posterior division (Fig. 1063). 

Branches and Distribution.—The branches from the main trunk of the 
mandibular nerve are: (1) the recurrent branch and (2) the internal pterygoid nerve. 

1. The recurrent branch (n. spinosus) arises just beneath the foramen ovale 
and accompanies the middle meningeal artery into the cranium through the foramen 
spinosum. — It then divides into two branches, the anterior of which supplies the greater 
wing of the sphenoid and the adjacent dura mater, while the posterior passes through 
the petro-squamous suture and supplies the mucous membrane of the mastoid 
air-cells. 

2. The internal pterygoid nerve (n. pterygoideus internus) (Fig. 1059) 
passes downward on the mesial side of its muscle and, in addition to supplying the 
pterygoid muscle, gives off the motor root of the otic ganglion and filaments to the 
tensor tympani and tensor palati muscles. 

The Anterior Division of the mandibular nerve (n. masticatorius) is motor, 
with the exception of its buccal branch, and receives almost the entire motor constit- 
uent of the trigeminal. It passes downward and forward for a short distance under 
the external pterygoid muscle and then breaks up into its branches. 

Branches.—These are: (1) the masseleric, (2) the external pterygoid , (3) 
the decp temporal and (4) the buccal nerve, 

1. The masseteric nerve (n. massetericus) (Fig. 1063) passes over the 
upper border of the external pterygoid and behind the posterior margin of the 
temporal muscle. — It takes a course horizontally outward and traverses the sigmoid 
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notch of the mandible to enter the posterior portion of the mesial surface of the 
masseter. [t supplies one or two filaments to the temporo-mandibular articulation. 

2. The external pterygoid nerve (n. pterygoideus externus) (Fig. 1063), 
usually takes its origin as a common trunk with the buccal nerve. It enters the 
deep surface of the external pterygoid. 

3. The deep temporal nerves (nn. temporales profundi anterior et posterior) 
(F ig. 1063), are usually three or two in number. The antertor accompanies 
the buccal nerve between the heads of the external pterygoid, after which it passes 
upward to supply the anterior portion of the temporal muscle. The mdd/e passes 
outward across the upper margin of the external pterygoid and then upward close 
to the bone to enter the deep surface of the temporal muscle. It often fuses with 
eit her the anterior or posterior deep temporal, thus reducing the number of temporal 
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Dissection showing lateral view of spheno-palatine and otic ganglia. 


Rerves to two. The fosterior frequently accompanies the nerve to the masseter for 
a variable distance, after which it turns upward along the bone to enter the deep 
surface of the posterior portion of the muscle. 

4. The buccal nerve (n. buccinatorius) (Fig. 1063) is purely sensory. It 
anses in comman with the external pterygoid and anterior deep temporal nerves 
and is accompanied by the latter between the heads of the external pterygoid. 

assing downward on the inner side of the temporal muscle it reaches the outer 
surface of the buccinator, where it breaks up into several branches which form a 
plexus around the facial vein, with the buccal branch of the facial nerve. Some of 
Its branches pierce the buccinator muscle to supply the mucous membrane of the 
check as far forward as the angle of the mouth, while the others supply the skin of 
e cheek. 


Variations.—Instead of lying to the inner side, the nerve may pierce the temporal muscle. 
It May be derived from the posterior superior dental nerve or from the inferior dental, in the 
latter instance emerging from the inferior dental canal by a small foramen in the alveolar border 


1244 HUMAN ANATOMY. 


of the mandible, just anterior to the ramus. It has been seen in one case to arise directly from 
the Gasserian ganglion and emerge from the cranium through a special foramen situated between 
the foramina rotundum and ovale. 


The Posterior Division of the mandibular nerve is sensory, with the exception 
of the mylo-hyvid nerve. It passes downward beneath the external pterygoid and, 
after giving off the two roots of the auricu/o-temporal nerve, terminates by dividing 
into the /ingua/ and the inferior dental nerve. 

Branches.—These are: (1) the auriculo-temporal, (2) the lingual and (3) 
the tnferior dental. 

1. The auriculo-temporal nerve (n. auriculotemporalis ) (Fig. 1063) arises just 
below the foramen ovale by two roots which enclose between them the middle meningeal 
artery. It passes backward beneath the external pterygoid muscle and between the 
spheno-mandibular ligament and the neck of the mandible, and then turns upward 
through the parotid gland between the temporo-mandibular articulation and the external 
ear. Emerging from the upper margin of the gland, the nerve passes over the root of 
the zygoma and ascends to the temporal region behind and in company with the 
superficial temporal artery. 

Branches.—These are : (a) the articular, (6) the parotid, (c) the meatal, (ad) 
the anterior auricular and (c) the superficial temporal, The last three are 
terminal branches. 


a. The articular branches (rr. articulares) are one or two delicate filaments which enter 
the posterior portion of the tempor-mandibular articulation, 

6. The parotid branches (rr. parotidei) pass to the gland; they arise either from the 
auriculo-temporal or from its communicating filaments with the facial nerve. 

¢. The meatal branches (nn. meatus auditorii externi) are two in number, an upper and a 
lower. They enter the external auditory canal between the bone and the cartilage and supply 
the skin covering the corresponding parts of the meatus, the upper branch in addition sending a 
twig (r. membranae tympani) to the tympanic membrane. 

d, The anterior auricular nerves (nn. auriculares anteriores), usually two in number, supply 
skin of the tragus and of the upper anterior portion of the auricle. 

e. The superficial temporal nerve (rr. temporales superficiales) (Fig. 1068) breaks up into 
a number of fine twigs which supply the skin of the temporal region and of the scalp almost to 
the sagittal suture. 

The auriculu-temporal communicates by its roots, close to their origin, with branches from 
the otic ganglion, and by its parotid and superficial temporal branches with the facial nerve. 
By the first of these communications secretory fibres of the glosso- pharyngeal and sympathetic 
fibres are carried to the parotid gland; by means of the second junction sensory trigeminal 
fibres accompany the peripheral motor filaments of the facial. 


Variations. —In a specimen found in the anatomical laboratory of the University of Pennsyl- 
vania, the middle meningeal artery, instead of passing between the two roots of the nerve, 
pierced the anterior one. 


The lingual nerve (n. lingualis) (Fig. 1079) is the smaller of the 
seishtnal branches of the mandibular nerve. — Lying internal and anterior to the 
inferior dental nerve, it passes downward beneath the external pterygoid as far as the 
lower border of that mus: It is usually connected with the inferior dental nerve by 
an_ oblique strand of fibres, which occasionally crosses the internal maxillary artery 
and, close to its origin, it is additionally joined at an acute angle by the chorda 
tympani nerve. After emerging from under cover of the external pterygoid, it passes 
between the internal pterygoid and the ramus of the mandible. It then turns inward, 
forward and downward under the mucous membrane of the floor of the mouth, cross- 
ing over the superior border of the superior constrictor of the pharynx and the deep 
portion of the submavillary gland, and passes under the submaxillary duct between 
the mylo-hyoid and hyo-glossus muscles. Reaching the side of the tongue the nerve 
continues forward to the apex, lying just beneath the mucous membrane. 

Branches.—The lingual nerve supplies small filaments to the sublingual gland, 
the floor and side of the mouth, the side of the tongue and the lower gum. — It 
gives off the sensory reot of the submaxillary ganglion and its terminal filaments 
(rr. Hinguales) pass upward through the muscles of the tungue to supply the mucous 
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membrane of the anterior two-thirds of the dorsum. Its fibres have their main 
termination in the filiform and fungiform papillz. 

The lingual nerve communicates with the chorda tympani and the inferior 
dental and in its anterior portion forms loops with the hypoglossal. 

3. The inferior dental nerve (n. alveolaris inferior) (Fig. 1063) is the larger 
of the terminal branches of the mandibular. Lying posterior and external to the 
lingzual, to which it is connected by a small nerve strand, it passes downward and 
for-ward under cover of the external pterygoid. Leaving the lower margin of that 
muscle, it runs between the ramus of the mandible and the spheno-mandibular 
ligzament and enters the inferior dental canal, along which it courses in company 


FIG. 1063. 
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*ith the inferior dental artery, and supplies filaments to the teeth, as far as the mental 
foramen. Here the nerve breaks up into its terminal branches, one of which, the 
™C1sor, continues within the mandible to the mid-line, while the other and larger, the 
MErital, emerges at the mental foramen. 

Branches.—These are: (a) the mylo-hyotd, (6) the dental, (c) the incisor 


and ( d) the menta/, of which the last two are terminal branches. 


a. The mylo-hyoid nerve (n. mylohyoideus) (Fig. 1063) is the only motor strand in the 

erior division of the mandibular nerve. It arises from the inferior dental nerve, just 

before the latter enters its bony canal, and passes downward and forward in the mylo-hyoid 

FTQave, sometimes a canal for part of the way, in the mandible. The nerve descends into 

the igastric triangle and reaches the inierior surface of the mylo-hyoid muscle, in this situation 

being overlain by the submaxillary gland and the facial artery and vein. It here breaks up into 
ments which supply the mylo-hyoid muscle and the anterior belly of the digastric. 

_. 6 The dental branches (rr. dentales inferiores) are given off as the nerve traverses the 

inferior dental canal, They combine and unite to form the inferior dental plexus (plexus 
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dentalis inferior) which supplies filaments to the molar and premolar teeth, one 
fang, and the adjacent portion of the gum, 

¢. The incisor branch (a, alveolaris inferior anterior) is the smaller of the 
and continues forward within the mandible the course of the inferior dental 
mental foramen to the mid-line. It supplies the canine and incisor teeth. 


d, The mental nerve (0, mentalis) (Fig. 1063) is much the larger 
branch of the inferior dental, Emerging from the mental foramen, it breaks 
cover of the depressor anguli oris muscle into a number of filaments which 
skin of the chin and the integument and mucous membrane of the lower lip, 
a free communication with the supramandibular branch of the facial nerve, 

The Otic Ganglion.—The otic or Arnold's ganglion (g. oticum) (Fi 
one of the two ganglia associated with the mandibular nerve. It isa 
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body, of irregularly oval or stellate outline and reddish-gray color, and measures. 
about 4 mm. in its longest or antero-posterior dimension. — It lies just below the 
foramen ovale on the mesial side of the mandibular nerve and covers or even encloses. 
the origin of the internal pterygoid nerve. Internally the ganglion is in relation with 
the tensor palati muscle and the cartilaginous portion of the Eustachian tube and 
posteriorly with the middle meningeal artery. [tis a sympathetic ganglion and con- 
tains numerous stellate neurones which are characteristic of such structures. 
Roots. —Of the communications that the otic ganglion receives from several 
sources, some are regarded as its roots, of which the sensory roof is contributed by 
small superficial petrosal nerves (n. petrosus superficialis minor). The latter 
establish connection between the otic ganglion and the petrous ganglion of the glosso- 
pharyngeal nerve by way of its tympanic branch (page 1075) on the one hand and, 
by means of communicating filaments, between the otic and the geniculate ganglion 
of the facial nerve on the other. As the continuation of the tympanic nerve, after 
union with the filaments from the geniculate ganglion, the small superficial petrosal 
leaves the upper and fore part of the tympanic cavity, traverses a small canal in the 
temporal bone, and emerges on the upper surface of the latter, to the outer side of: 
the hiatus Fallopii, It then turns downward, passes through the petro-sphenoidal 
fissure or through a special canal in the sphenoid bone, and joins the otic ganglion, 
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and (c) another to the buccal nerve, (¢) a branch to the 
, and (¢) and (/) branches to the nerves supplying the 
tympani muscles. 
Ganglion.—The submaxillary ganglion (g. submaxillare) 
triangular or fusiform body, measuring from 2-3 mm. in 
is the smallest of the sympathetic ganglia connected with 
situated above the deep portion of the submaxillary and 
muscle and lies between the submaxillary duct and the lingual 
ended from the latter by two short slender filaments. The 
transmits chiefly sympathetic fibres that pass from the ganglion 

, the posterior fibres going from the lingual to the ganglion as its 


sensory rool is contributed by the lingual nerve ; the motor roof 
facial by way of the chorda tympani and contains secretory fibres ; 
i¢ root is derived from the adjoining plexus on the facial artery, 

he branches of distribution include: (a) a number of fibres which 
ar ecien (6) others which are distributed to the submaxillary 
membrane of the floor of the mouth and (c) filaments which join 
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fang, jacent gum. : 
“ "The incisor branch (a. alveolaris inferior anterior) is the er of the terminal divisions 


and continues forward within the mandible the course of the inferior dental nerve from the 


mental foramen to the mid-line. It supplies the canine and incisor teeth. 


d. The mental nerve (n. mentalis) (Fig. 1063) is much the larger terminal 
branch of the inferior dental. Emerging from the mental foramen, it breaks up under 


skin of the chin and the integument and mucous membrane of the lower lip, It 
a free communication with the supramandibular branch of the facial nerve. 
The Otic Ganglion.—The otic or Arnold's ganglion (g. oticum) (Fig. 1064) is 


one of the two ganglia associated with the mandibular nerve. It is a small flattened — 
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body, of irregularly oval or stellate outline and reddish-gray color, and measures- 
about 4 mm, in its longest or antero-posterior dimension, _ It lies just below the 
foramen ovale on the mesial side of the mandibular nerve and covers or even encloses. 
the origin of the internal pterygoid nerve. Internally the ganglion is in relation with 
the tensor palati muscle and the cartilaginous portion of the Eustachian tube and 
posteriorly with the middle meningeal artery. It is a sympathetic ganglion and con- 
tains numerous stellate neurones which are characteristic of such structures, 
Roots.—Of the communications that the otic ganglion receives from several 
sources, some are regarded as its roots, of which the sensory root is contributed by 
small superficial petrosal nerves (n. petrosus superficialis minor). The latter 
establish connection between the otic ganglion and the petrous ganglion of the glosso- 
peetyigesl nerve by way of its tympanic branch (page 1075) on the one hand and, 
means of communicating filaments, between the otic and the geniculate ganglion 
the facial nerve on the other. As the continuation of the tympanic nerye, after 
union with the filaments from the geniculate ganglion, the small supe 
leaves the upper and fore part of the tympanic cavity, traverses a small in the 
temporal bone, and emerges on the upper surface of the latter, to the outer side of 
the hiatus Fallopii. It then turns downward, passes through the petro-sphenoidal: 
fissure or through a special canal in the sphenoid bone, and joins the otic ganglion. 


cover of the depressor anguli oris muscle into a number of filaments which supply the 
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the lingual nerve and, after accompanying it for a short distance, are distributed to 
the sublingual gland. The sensory fibres, processes of the Gasserian neurones, tra- 
verse the submaxillary ganglion without interruption ; the secretory fibres from the 
facial end, at least in part, around the stellate sympathetic neurones of the ganglion, 
from which cells axones pass to the alveoli of the submaxillary and sublingual 
glands ; while other sympathetic filaments proceed, as the axones of stellate cells 
either within the submaxillary or a more remote sympathetic ganglion, to supply the 
glandular tissue and ducts, as well as to accompany the peripheral branches of the 
lingual nerve. 


Practical Considerations.—The fifth cranial nerve is the sensory nerve of 
the face and the motor nerve to the muscles of mastication. It is more frequently 
the seat of excessively painful neuralgia than any other nerve in the body. Extra- 
cranial lesions are much more commonly the cause of such neuralgia than intracra- 
nial. The neuralgia is rarely bilateral, and usually does not involve all three divisions 
of the nerve. It rather attacks one or two divisions, or only a branch of one, the 
first and second divisions being most frequently involved. Certain tender regions can 
almost always be found, as over the points of emergence of the nerve on the face, at 
the supraorbital, infraorbital and mental foramina, where in an interval from pain 
pressure may produce a paroxysm. 

The supraorbital notch or foramen can usually be felt at the junction of the inner 
and middle thirds of the supraorbital margin. The mental foramen is in the lower 
jaw, below and between the two bicuspid teeth, while the infraorbital foramen lies 
just below the lower margin of the orbit in a straight line between the supraorbital 
and mental foramina. 

When the first division is the seat of neuralgia, the disease is almost always con- 
fined to the supraorbital branch. — Excision of this branch will usually give relief for 
about two years, sometimes permanently. The same may be said of the infraorbital 
nerve when the disease is confined to the second division. The infraorbital may be 
excised at the foramen, through the mucous membrane of the mouth or by an in- 
cision in the skin along the lower margin of the orbit. Through the latter the orbital 
tissues may be raised and the nerve reached farther back in its canal, which in its 
anterior part has a thin bony covering. By going through the antrum of Highmore 
from the cheek, just below the infraorbital foramen, the second division, with 
Meckel’s ganglion attached to it may be excised at its emergence from the skull. 
The anterior wall of the antrum is opened by a trephine or chisel and the floor of 
the infraorbital canal in the roof of the antrum is gouged away so that the nerve is ex- 
posed and followed to the posterior wall of the antrum. This wall is then opened, 
the spheno-maxillary fossa exposed and the nerve is divided at the foramen 
rotundum and removed with the ganglion. The bleeding will be severe, since 
large and numerous branches of the internal maxillary artery surround the ganglion 
and are divided. 

When the neuralgia is confined to the inferior dental nerve the mental branch 
may be excised at its foramen through the mucous membrane of the mouth. The 
inferior dental itself is more frequently attacked through a trephine opening in the 
ascending ramus of the lower jaw. It may with greater difficulty be reached through 
the mouth, the incision being made along the anterior margin of the descending 
ramus, and the soft tissues separated from the inner surface of the ramus until the 
dental spine marking the dental foramen is exposed; the inferior dental nerve and 
artery will be found entering the canal. The nerve may then be exposed and ex- 
cised with due regard for the accompanying vessels and the internal maxillary artery, 
from which the inferior dental branch has just been given off. 

The buccal nerve is sometimes the seat of neuralgia, and may be reached by an 
incision through the check in front of the coronoid process and the insertion of the 
tendon of the temporal muscle. The nerve can be reached from the mouth in the 
same situation. 

When the peripheral operations for trigeminal neuralgia (tic douloureux) have 
failed to effect a cure, or when the neuralgia primarily shifts from one branch to an- 
other, indicating an extensive central involvement, the Gasserian ganglion must be 
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temoved or the sensory root resected. The skull is opened in the temporal region 
and the unopened dura (unless unavoidably torn) is separated inward from the floor 
of the skull until the ganglion, lying on the apex of the petrous portion of the 
temporal bone between the two layers of the dura, is exposed and removed. The 
middle meningeal artery is especially exposed to rupture as it comes through the 
foramen spinosum. A possible source of even more dangerous hemorrhage, how- 
ever, is the cavernous sinus, with which the ganglion is intimately associated. 
arene changes in the eye are liable to occur from damage to the first division of 
e nerve. 

_ The lingual nerve is sometimes divided in painful conditions of the tongue, as 
incancer. It is easily reached in the floor of the mouth as it is passing forward to 
the tongue, just under the mucous membrane. The incision is made about midway 
between the tongue and the alveolus of the lower jaw. 

Paralysis of the sensory branches of the fifth nerve, nontraumatic in origin, is rare, 
and when it does occur involves usually only individual branches, and these often 
only in a part of their distribution. When implicating all the divisions of the fifth 
nerve and associated with pain, it should suggest a tumor of the Gasserian ganglion. 

A paroxysmal cough may occur in some patients in whom the respiratory 
Organs are perfectly normal, from irritation of the terminal branches of the trigeminal 
nerve in the nose, pharynx and external auditory meatus. 


THE ABDUCENT NERVE. 


The sixth or abducent nerve (n. abducens) is exclusively motor and supplies the 
€xtemal rectus muscle of the eyeball. Its deep origin is from the abducent nucleus 
(aeacteus no. abducentis) (Fig. 933), a rounded cluster of multipolar neurones which 
lieS in the dorsal part of the tegmentum of the pons and under the gray matter of the 

>r of the fourth ventricle. It is situated anterior to the strize acusticae, beneath the 
€mzmentia teres and ventral to and within the loop formed by the fibres of the facial 
here. Leaving the nucleus on its inner aspect, the root-fibres form several fasciculi 
Which pass backward and ventro-laterally, lying to the inner side of the superior 
olive, Arriving at the ventral portion of the pons, the major portion of the fibres 
P8aSses to the outer side of the pyramidal group, a few fasciculi traversing them to 
Teach the surface. The superficial origin (Fig. 1046) lies in the sulcus which 
dermarcates the lower edge of the pons from the medulla, a little lateral to the 
Pyramid. 


Central and Cortical Connections.—As in the case of the third and fourth nerves, the 
SucHeus of the sixth receives, by way of the posterior longitudinal fasciculus, some of the 
fibres of the pedicle of the superior olive, thus completing the establishment of a reflex-path 

‘Ween the auditory apparatus and the centres for the nerves controlling the eye-muscles. A 
SComd connection is effected by means of the posterior longitudinal fasciculus with the oculo- 
MO®ec>r nucleus of the opposite side. Finally, the abducent nucleus is brought into relation with 

®motor area of the cortex by way of the pyramidal tract of the opposite side. 


Course and Distribution.—After leaving the surface of the brain-stem, the 
ner. e, which at its superficial origin is flat and often represented by several strands, 
mes consolidated and rounded, and bends forward to follow for about 15 mm., 
the ower surface of the pons. It then pierces the dura mater over the sphenoid bone 
at == point medial and slightly posterior to the opening for the fifth nerve (Fig 1052). 
wee it runs forward through a notch beneath the posterior clinoid process and 
PaSsses to the outer side of the inferior petrosal sinus and over the apex of the petrous 
POF-&ion of the temporal bone to enter the cavernous sinus. Here it lies somewhat 
“>w and to the outer side of the internal carotid artery and, eventually reaching the 
outer wall of the anterior portion of the sinus, enters the orbit through the sphenoidal 
are, lying above the ophthalmic vein and below the third, fourth and ophthalmic 
NeEN-es, “ Leaving the fissure, it passes between the heads of the external rectus 
MAScle, which, after entering its ocular surface, it supplies. 
; The communications of the sixth nerve are : (1) as it traverses the cavernous 
Sas, filaments from the carotid plexus of the sympathetic and (2) as it enters the 
oft, a small sensory filament from the ophthalmic nerve. 
79 
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Variations.—The nerve may be absent on one side, the external rectus being supplied by 
a branch from the oculomotor. It may have its superficial origin by several widely separated 
strands, the accessory fasciculi emerging from between the fibres of the pyramid or through 
the lower border of the pons. 


THE FACIAL NERVE. 


The seventh or facial nerve (n. facialis) is a mixed nerve and consists of two 
parts, a larger motor and a smnaller sensory. The former supplies with motor fibres 
the muscles of expression, the extrinsic and intrinsic muscles of the external ear, 
the stylo-hyoid, the posterior belly of the digastric, the platysma myoides and per- 
haps also the levator palati and the azygos uvule. Certain of the motor fibres are 
peculiar and as secretory fibres are destined for the supply of the submaxillary and 
sublingual glands. The sensory part of the facial conveys gustatory fibres to the 
anterior two-thirds of the tongue. 

The sensory part is commonly known as the pars intermedia of Wrisberg (n. 
intermedius) which, instead of being a distinct nerve, may with propriety be regarded 
as the sensory portion of the seventh—a view strongly supported upon morphologi- 
cal grounds. The sensory fibres are processes of the cells situated within the 





Brain-stem with nuclei of cranial nerves shown diagrammatically ; motor nuclei and fibres are blue: sensory 
nuclei and fibres are red. @, oculomotor nerve; 4, trochlear nerve; c, motor part of trigeminal nerve; d, 
part of trigeminal nerve; ¢, spinal root of sensory part of trigeminal nerve; /, facial nerve; g. abducens nerve; 4, 
vestibular portion of auditory nerve; 7, cochlear portion of auditory nerve; 7, glosso-pharyngeal nerve; 4, vagus 
nerve, showing also the nucleus ambiguus in black; /, hypoglossal nerve; m. vagus portion of spinal accessory 
nerve. (Posey and Spiller.) 


enlargement on the facial nerve known as the geniculate ganglion, which is situated 
within the facial canal at the so-called Anee. Passing through the proximal part 
of the facial canal, the axones of the geniculate ganglion cells enter the cranium 
through the internal auditory meatus, lying above the auditory nerve and below 
the motor root of the seventh, with both of which they communicate. Leaving the 
meatus, they pass inward and enter the brain-stem at the superficial origin, 
(Fig. 1046), which is located at the lower border of the pons, between the motor 
root of the seventh and the auditory nerve. 


Entering the substance of the medulla, the sensory fibres pass cither through or dorsally to 
the spinal root of the trigeminal nerve to reach the superior part of the nucleus of reception, 
which it) shares with the glosso-pharyngeal and vagus nerves (page 1262). On gaining this 
nucleus, the sensory fibres divide into short ascending and much longer descending branches, 
thus behaving ina manner identical with that of the corresponding fibres of the trigeminus and 
other mixed cranial nerves. The termination of the sensory fibres is around the neurones 
of the reception-nucleus, from which axones pass to the mesial fillet of the opposite side, and 
eventually, to the cerebral cortex. 
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the stylo-mastoid foramen the nerve passes downward, outward and forward through 
the parotid gland, and divides, just posterior to the ramus of the mandible, into 
its terminal branches, the temporo-facial and the cervico-facial. The filaments of 
these branches freely join with one another and form the fan-like parotid plexus 
(plexus parotideus), also called pes anserinus. 

The geniculate ganglion (g. geniculi) is a small oval or fusiform thickening on 
the facial nerve, at the point where it turns backward (geniculum n. facialis), and 
contains unipolar neurones, whose axones form the sensory root of the facial nerve 
and whose dendrites form the sensory fibres of distribution of the seventh. 

The so-called branches of the geniculate ganglion—the great and external 
superficial petrosal nerves and the branches to the tympanic plexus—are only in part 
composed of fibres connected with the ganglion cells ; they are, therefore, more 
appropriately regarded as branches of the facial nerve. 

Branches and Distribution.—Within the facial canal, the facial nerve gives 
off: (1) the great superficial petrosal, (2) the branch to the tympanic plexus, (3) 
the external superficial petrosal, (4) the stapedial, (5) the chorda tympani and 


Fic, 1067, 





Diagram showing branches and connections of facial nerve within facial canal. 


(6) the communicating branch to the vagus. The first three are closely connected 
with the geniculate ganglion. Outside the facial canal arise: (7) the posterior auric- 
ular, (8) the digastric, (9) the stylo-hyoid, (10) the temporo-facial and (11) the 
cervico-facial nerve. The last two nerves arise in an uncertain manner from that 
irregular plexiform expansion, known as the pes anserinus, into which the facial 
broadens within the substance of the parotid gland after emerging from the stylo- 
mastoid foramen. 

1. The great superficial petrosal nerve (n. petrosus superficialis major) (Fig. 
1062), while issuing directly from the ganglion, contains motor fibres in addition to the 
sensory. It leaves the facial canal through the hiatus Fallopii, enters the middle cranial 
fossa and passes forward under the Gasserian ganglion and over the cartilage of the 
middle lacerated foramen. The nerve then crosses the outer side of the internal 
carotid artery to reach the posterior opening of the Vidian canal, where it is joined 
by the great deep petrosal nerve (page 1360) from the carotid sympathetic plexus, 
with which it unites to form the L7dfan nerve. The latter traverses the Vidian 
canal to the spheno-maxillary fossa and there enters the posterior aspect of the 
spheno-palatine ganglion, whose motor and sympathetic roots it contributes. The 
probable relations and destination of these fibres have been considered in connection 
with the spheno-palatine ganglion (page 1240). 

2. The communicating branch to the tympanic plexus (r. anastomoticus 
cum plexu tympanico) traverses a tiny canal in the temporal bone to reach the 
tympanic cavity, where it joins the main continuation of the tympanic plexus of the 
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glosso-pharyngeal to form the small superficial petrosal and proceeds to the otic 
ganglion, which it enters as the sensory root (page 1246). The fibres from the tym- 
panic plexus, probably secretory in function, are distributed from the otic ganglion to 
the parotid gland. 

3. The external superficial petrosal nerve is very small and is not always 
present. It joins the sympathetic plexus on the middle meningeal artery. 

4. The stapedial nerve (n. stapedius), for the supply of the stapedius muscle, 
is pri ven off as the facial passes downward behind the pyramid in the posterior wall of 
the tympanic cavity, the nerve gaining access to the muscle by passing through a 
Min wate orifice in the base of the pyramid. 

Fic. 1068. 
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. Sa cial dissection of head and neck, showing terminal branches of trigeminal, facial and great occipital nerves, 
as well as associated branches of cervical plexus. 


5. The chorda tympani nerve (n. chorda tympani), while conveying both 
ret and sensory impulses, consists mainly of sensory fibres derived from the cells 
of the geniculate ganglion. It arises from the facial a ‘short distance above the stylo- 
aS © id foramen and courses upward and forward through the iter chordz posterius 
to © wa ter the tympanic cavity (Fig. 1067). Passing between the fibrous and mucous 
lay xy of the membrana tympani, over the tendon of the tensor tympani and between 
the Long processes of the incus and malleus, it arrives at the anterior edge of the 
mera brane. It then traverses the iter chordz anterius to reach the pterygo-maxillary 
SER <n, and, after receiving a filament from the otic ganglion, takes a course down- 
wate and forward, after which, under cover of the external pterygoid muscle, it unites 

anc ‘becomes incorporated with the lingual branch of the mandibular nerve. As the 
later passes above the submaxillary ganglion, the motor fibres of the chorda 
ty™ pani (facial) descend to the ganglion as its motor root and probably eventually 

as secretory fibres to the submaxillary and sublingual glands. The sensory 
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When all branches of the facial are paralyzed the symptoms are characteristic. 
Only one side of the forehead wrinkles ; the tears fail to enter the canaliculi, and 
flow over the cheek ; the eye cannot be closed ; foreign bodies on its surface are not 
removed by the lid, and conjunctivitis from irritation results. The affected half of 
the face is expressionless, and the corner of the mouth on that side remains partly 
open and hangs down, so that the saliva tends to run out. The mouth is drawn to 
the opposite side ; the upper lid cannot be elevated. and whistling is impossible 
because the orbicularis cannot now pucker the lips ; food lodges in the affected side 
of the mouth, because the buccinator muscle is paralyzed, and, for the same reason, 
the mucous membrane often gets caught between the teeth. 

In those cases of facial paralysis in which the lesion of the nerve is posterior 
to the stylo-mastoid foramen, attempts have been made recently to restore function 
to the peripheral portion by dividing the trunk posterior to the parotid gland, 
and anastomosing the peripheral end to a neighboring cranial nerve, as the spinal 
accessory or the hypoglossal. The results have not been entirely satisfactory. 

The line of the main trunk of the nerve is from the slight depression between the 
back of the ear and the mastoid process, forward and slightly downward. It passes 
through the deeper portion of the parotid gland. 


THE AUDITORY NERVE. 


The eighth or auditory nerve (n. acusticus) is not only, as its name implies, the 

nerve by which sound impulses are transmitted to the brain, but also the nerve of 

equilibration. It consists of two portions, the cochlear, the true nerve of hearing, and 
the vestibular, which is concerned with equilibration. 

Traced from the brain toward the ear, the auditory nerve arises at its super- 
ficial origin by two roots, a mesial (radix vestibularis) and a lateral (radix coch- 
learis), which embrace the inferior cerebellar peduncle, the mesial passing to the 
inner and the lateral to the outer side of the peduncle. The nerve thus formed by 
the union of these two roots, leaves the surface of the brain-stem at the posterior 
border of the pons, where it is adherent to the middle cerebellar peduncle. To its 
inner side and closely associated with it are the motor and sensory roots of the facial 
nerve (Fig. 1046), which lie within a groove on the mesial surface of the auditory 
and with it enter and traverse the internal auditory canal. Within the latter, the 
auditory nerve separates into two divisions, of which the superior and larger is the 
vestibular nerve (n. vestibuli) and the inferior and smaller is the cochlear 
Nerve (n. cochleae). Although in a general way these divisions continue the 
corresponding roots, this agreement, as to the source of their fibres, is not complete, 
since, as will be more fully noted, strands of vestibular fibres are incorporated with 
the cochlear nerve. 

On reaching the bottom of the internal auditory canal, the facial nerve leaves 
the meatus and enters the facial canal, while the fibres of the auditory nerve dis- 
appear through apertures in the lamina cribrosa (Fig. 201) to gain the several 
parts of the membranous labyrinth of the internal ear. During their journey through 
the meatus, the vestibular and facial trunks are connected (fila anastomica) by a 
branch which passes from the pars intermedia to the vestibular nerve, and by one 
from the latter to the geniculate ganglion. These apparent communications between 
the seventh and cighth nerves are, in fact, only aberrant strands of facial fibres that 
return to the seventh after temporary association with the auditory. 

The vestibular nerve divides into three terminal branches which pass through 
apertures in the cribriform plate above the falciform crest and supply: (1) the uéricle, 
(2) the superior and (3) the external semicircular canal, Not all the fibres of the 
vestibular root, however, are included in these branches, since of the three given off 
by the cochlear nerve two, (4) those to the saccule and (5) to the posterior semicir- 
etar canal, are incorporated with the cochlear fibres and seemingly are derived from 
the cochlear nerve. The remaining branch of the cochlear nerve contains the 
cochlear fibres: proper, which traverse the numerous foramina of the tractus spiralis 
foraminosus and the central canal of the modivlus to supply the organ of Corti 
within the membranous cochlea. 
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origin (Fig. 1079). Not all of the fibres arising from the superior olivary nucleus, however, 
enter the lateral fillet. A considerable number leave the dorsal surface of the nucleus and, as 
its peduncle, pass to the abducent nucleus and, by way of the posterior longitudinal fasciculus, 
to the nuclei of the other eye-muscle nerves. In this manner reflex paths are established by 
which the motor nerves, including probably the facial, are brought under the influence of audi- 
tory impulses. Within the tract of the fillet and a short distance beyond the superior olive, is 
encountered a group of nerve-cells, the nucleus of the lateral fillet (nucleus lemnisci lateralis). 
While numerous additions to the fillet are received from these cells, their relation to the cochlear 
fibres is uncertain. The characteristics, course and destination of the lateral fillet have been 
elsewhere described (page 1082). Suffice it here to recall that, so far as the auditory fibres are 
concerned, the tract terminates chiefly in the inferior colliculus of the quadrigemina and the 
median geniculate body. 

In addition to its constituents through the corpus trapezoides, the lateral fillet receiv 
siderable accessions of cochlear fibres by way of the strize acusticee. These strands consis 
the axones, for the most part, of the cells lying within the tuberculum acusticum, but toa limited 





Fic. 1071. 





Pn 
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extent also of the axones of the ventral cochlear nucleus, which wind over the latero-dorsal 
surface of the inferior cerebellar peduncle, pass medially beneath the ependyma of the floor of 
the fourth ventricle as far as the median groove, and, crossing to the opposite side, then sweep 
ventrally through the dorsal region of the medulla or pons to join the tract of the lateral fillet, 
and so proceed in company with the other cochlear fibres to the higher levels. By no means 
all of the component fibres of the acoustic strive follow the lateral fillet, since some after decussa- 
tion turn brainward, possibly joining the mesial fillet, whilst others may enter the posterior 
longitudinal fasciculus to assist in establishing reflex paths influencing the motor nerves. 

The auditory path, by which the impulses gathered from the organ of Corti by the cochlear 
els are conducted to the cerebral cortex, includes the following components ( Fig. 1071) : 

» Peripheral neurones of the ganglion spirale, whose axones (the cochlear fibres) pass to 

the feloplion: enucleus (ventral and lateral cochlear nuclei). 

2, Neurones of the cochlear nuclei, which send their axones : (a) by way of the corpus 
trapezoides to the superior olivary nucleus, chiefly to that of the opposite side but also to that 
of the same side, or to the lateral fillet or its nucleus without interruption in the olive; (6) by 
way of the strice acusticw through the tezmentum to join the trapezoidal fibres. 

3. Neurones of the superior olivary nucleus or of the fillet-nucleus, whose axones pass by 
way of the lateral fillet ca) to the cells within the inferior colliculus, or (4) without interruption 
through the inferior brachium to the cells within the median geniculate body. 
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4. Neurones of the inferior colliculus and of the median geniculate body, whose axones 

pass, as the audifory radiation, to the auditory cortical area within the temporal lobe of the 

cerebrum. Although the exact extent of the auditory area is still uncertain, the most important 

part of this centre includes the superior temporal and the subjacent part of the middle temporal 
convolution. 

The cochlear fibres that do not undergo decussation ascend through the lateral fillet of the 
same side and eventually establish cortical relations with the corresponding hemisphere ; from 
the preceding account, however, it is manifest that the auditory area is connected chiefly with 
the cochlea of the opposite side. 

Peripheral, Central and Cortical Connections of the Vestibular Nerve.—The fibres of the 
vestibular portion of the auditory nerve are the axones of the bipolar nerve-cells situated within 
the small vestibular ganglion (g. vestibulare) or Scarpa's ganglion, which lies at the bottom 
Of the internal auditory canal. The dendrites of these cells constitute the five branches of dis- 
tribution of the vestibular nerve and pass through the various openings in the inner wall of the 
bony: labyrinth, in the manner above : 

ibed (page 1256), to reach the 

Specialized areas, the maculae acustice, 

‘ithin the saccule, the utricle and the F 
ampullz of the semicircular canals, where 
L nerve-filaments end, really begin, 
© intimate relation with the neuro- 
epithelium. While the centrally directed 
axOnes of the neurones supplying the 
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the cochlear nerve until the latter and 
the westibular nerve unite to form the 
common auditory trunk. Where the 
comumon trunk separates into the two 
roots, the vestibular fibres leave the 
cochlear and permanently assume their 
satuural companionship with the remain- 
ing fibres of the vestibular root. 

The vestibular fibres enter the 
brain-stem at a slightly higher level than 
does the cochlear root, lying mesial to the 

© and the ventral cochlear nucleus, 
and pass dorsally within the pons between 


the inferior cerebellar peduncle and the 
Sina] trigeminal root. On reaching a level dorsal to the latter, the vestibular fibres divide 


Mto short upward and longer downward coursing branches, which, after condensing into an 
ascending and a descending root respectively, end in arborizations around the cells of the 
Yestibular nucleus of reception. The exact extent and constitution of this nucleus, which under- 
Bes the area acustica in the floor of the fourth ventricle (page 1097), are uncertain, since the 
Deurones directly related to the vestibular fibres contribute only a part of those contained within 
a large diffuse complex of cells and fibres, many of whose constituents probably have only an 
indirect connection with the vestibular nerve. When reconstructed, as has been successfully 
by Sabin, this complex has the form shown in Fig. 1072 and comprises two general parts, 
(4) anextended irregularly triangular mass of cells lying for the most part mesial to the tract 
by the ascending and descending branches of the vestibular fibres, and (4) a smaller 
MSs of cells which lies above the larger one and partly to the inner and partly to the outer side 
the tract of the vestibular fibres. The apex of the large triangular mass approaches the 
mid~line and its superior and inferior basal angles are prolonged upward and downward along 
Westibular tract. 
When examined microscopically the large mass is found to include three subdivisions : (a) 
a tapering caudally directed nucleus which continues the inferior angle along the descending 
YeStibular root, (4) an extended triangular nucleus that includes the greater part of the large 
mass and (¢) an irregular pyramidal nucleus that prolongs upward the superior angle. The first 
these subdivisions (a) is known as the spinal vestibular nucleus (nuc. spinalis n. vestibularis), 
the second (4) as the median vestibular nucleus (nuc. medialis n. vestibularis), also as the chief 
cleus or the friangular nucleus and the third (c) as the superior vestibular nucleus or the 
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nucleus of Bechterew. The small mass corresponds with the lateral vestibular nucleus (auc 
lateralis o. vestibularis ; or nucleus of Deiters. The fibres of the descending root end around the 
neurones within the spinal nucleus in a manner similar to that in which the constituents of the 
spinal root of the trigeminus terminate in relation with the neurones within the substantia 
gelatinosa, whilst those of the ascending vestibular root end around the cells within the remain. 
ing vestibular nuclei. 

Although much uncertainty and conflict of opinion exist as to the details of the secondary 
paths by which the impulses carried by the vestibular fibres are distributed, it may be acceptec 
us established that fibres pass from the nuclei of reception : (a) to the cerebellum (chiefly to the 
roof nucleus of the opposite side and, possibly, also to the nuclei globosus and emboliformis 
as constituents of the nucleo-cerebellar tract, by which the impulses of equilibration are carried 
to the great coordinating centres, (6) as arcuate fibres ventro-medially into the tegmentum of the 
pons, cross the mid-line and bend upward or downward to pass to other levels, some fibres, 
however, remaining on the same side. From the character of the impulses it is probable that 
only relatively few vestibular fibres join the median fillet to ascend to the optic thalamus. Other 
connections of the nuclei include : (¢) commissural fibres between Bechterew’s nucleus of the 
two sides, (d ) fibres to the abducent nucleus, (¢) crossed and uncrossed fibres from Deiters’ 
nucleus to the posterior longitudinal fasciculus and (/) fibres from the same nucleus to the 
spinal cord. 

It must be understood that by no means all of the neurones of Deiters’ nucleus are con- 
cerned in transmitting afferent impulses to the cerebellum, for, as a matter of fact, many are 
links in the path by which the cerebellar cells exercise coordinating influences over the root- 
cells of the spinal nerves. Starting in the cerebellum, such efferent impulses are carried by 
efferent fibres which descend through the median part of the inferior cerebellar peduncle and 
probably end around certain of the cells within Deiters’ nucleus. From these cells, in turn, 
originate the fibres of the vestibulo-spinal tract, which, after traversing the medulla, enter the 
antero-lateral column of the cord and end in relation with the motor root-cells. A shorter and 
more direct path for vestibular reflexes is probably formed by the collaterals of the vestibular 
fibres that end around the spinal neurones of Deiters’ nucleus. It must not be forgotten that 
Deiters’ nucleus is the origin for important contributions to the posterior longitudinal fasciculus 
(page 1117), by which the vestibular impulses impress the nuclei of the motor and, perhaps to a 
limited degree, also those of the sensory nerves. 


Practical Considerations.—The auditory nerve is rarely the seat of primary 
disease. It is most frequently affected consecutively to disease of the middle and in- 
ternal ears. It is sometimes, though seldom, paralyzed in fractures of the base of the 
skull. Operations on this nerve have been performed for relief from persistent 
and annoying tinnitus. 


THE GLOSSO-PHARYNGEAL NERVE. 


The ninth or glosso-pharyngeal nerve (n. glossophary ngeus) is a mixed nerve, 
containing motor and sensory fibres, the latter including those transmitting the 
impulses of the special sense of taste. The motor element is quite small and sup- 
plies only the stylo-pharyngcus muscle and secretory fibres to the parotid gland, 
while the sensory fibres are distributed to the mucous membrane of the middle ear, 
fauces, tongue and pharynx. 

The Nuclei of the Glosso-Pharyngeal, Vagus and Accessory Nerves.— 
In the description of the medulla (page 1073) attention was called to the presence of 
nuclei common to a greater or less extent to the series of lower lateral nerves including 
the seventh, ninth, tenth and vagal part of the eleventh, which, with the exception of 
the last named, are mixed nerves. The motor fibres of these nerves differ from those 
of the series of median motor nerves—the third, fourth, sixth and twelfth—(q@) in the 
more lateral situation and less compact grouping of their cells of origin and (4) in 
the less direet course they follow to reach the surface of the brain. To avoid repeti- 
tion, the general arrangement and characteristics of the nuclei related to the glosso- 
pharyngeal, vagus, and accessory part of the cleventh nerve will be here described. 

The Motor Nuclei.—These include the root-cells within the dorsal nucleus 
and those constituting the nucleus ambiguus. The dorsal nucleus (nucleus dorsalis), 
a nucleus both of origin and of reception for the fibres of the ninth and tenth netves, 
is a narrow clongated tract: of nerve-cells, whose upper three-fourths underlies the 
floor of the fourth ventricle, stretching from the stria acusticte above to the tip 
of the ventricle below, and whose lower fourth extends into the closed part of the 
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medulla to the level of the nucleus gracilis. It lies immediately lateral to the lower 
of the median vestibular nucleus and the upper part of the hypoglossal nucleus, 
its upper third being covered by the spinal vestibular nucleus and its lower third 
overlying the hypoglossal nucleus. Its middle third corresponds to the fovea vagt 
(Fig. 949) and comes into intimate relation with the ventricular floor. When 
examined in cross-sections (Fig. 928) the nucleus appears prismatic in outline and 
is seen to consist of subgroups of cells, of which the median contains the larger and 
More conspicuous elements and corresponds to the dorsal motor nucleus. The 
Temaining groups, the dorsal sensory nucleus, are composed for the most part of 
irregular and often spindle cells, that receive end arborizations of afferent fibres. 
The nucleus ambiguus (nucleus ventralis) consists of an ill-defined slender 
column of large multipolar cells, which extends from the level of the entrance of the 
cochlear nerve at the upper border of the medulla to about the level of the beginning 

of the pyramidal decussation, and 
is best developed in its upper part. 
In transverse sections of the 
medulla (Fig. 927), the tract is 
distinguishable within the formatio 
Teticularis grisea, midway between 
the dorsal accessory olivary 
nucleus and the substantia gelati- 
NOsa, as a small and inconspicuous 
gsToup of cells. Arising as axones 
of the latter, the loosely grouped 
™Otor fibres at first pass dorsally 
to the vicinity of the ventricular 
floor, then bend sharply outward, 
anci, as in the case of the vagus, 
jolra with the similar fibres preced- 
inge from the dorsal motor nucleus 
to form the emergent root strands. 
The Sensory Nuclei.— 
The nuclei receiving the afferent 
fibres of the lateral mixed nerves 
m question include the sensory 
Part of the dorsal nucleus (nu- 
ss alae cinereae), above de- 
scribed, and a tapering column of 
§Tay matter, the spinal nucleus 
(Meacleus tractus solitarii), which 
resembles the corresponding 
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Nucleus of the trigeminus. The 
SP4rnal nucleus is closely associated 
“Ith a conspicuous longitudinal 
tract of caudally directed fibres, 

fasciculus solitarius 


Diagram showing connections of root-fibres of glosso-pharyngeal 
and pneumogastric nerves and of sensory fibres of facial; sensory 
ja 


fibres are black, motor ones red; /°//, geniculate ganglion; LY, 
X, ganglia of ninth and tenth nerves; By. dorsal nucleus; FS, 
fasciculus solitarius, accompanied by column of gray matter; VA, 
nucleus ambiguus; Act’, accessory vagus (bulbar portion of 1‘/); 
MF, median fillet. 


(tranctus solitarius), so called on account of the apparent isolation of the bundle when 
Vi@wed in transverse sections (Fig. 927). That such, however, is not the case is 
evacdent when the fact is recalled that the fibres which turn downward to form the tract 
ar accompanied by the spinal nucleus of reception, around whose cells they end. The 
Iculus solitarius extends from the upper border of the medulla to the level of the 
lower limit of the decussation of the fillet and is related to the sensory fibres of three 
nerves. The first of these, the facial, contributes only a limited number of fibres that 
occupy the uppermost part of the bundle ; the second, the glosso-pharyngeal, forms by 
the largest constituent of the fasciculus ; whilst the third, the vagus, adds fibres 

that course within the lowest segment of the tract. 


Central and Cortical Connections of the Motor Part of the Glosso-Pharyngeal Nerve.— 
The motor fibres of the glosso-pharyngeal nerve are the axones of the motor neurones situated 
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within the dorsal nucleus and the nucleus ambiguus. The ninth nerve shares these mot 
nuclei to only a limited extent, such of its fibres as are efferent arising from the uppermost pa 
of the cell-columns. Those taking origin from the nucleus ambiguus pass at first toward tt 
floor of the fourth ventricle ; they then abruptly change their direction by bending outward an 
joining the fibres arising from the dorsal motor nucleus, proceed ventro-laterally through tt 
gray reticular formation, just ventral to or across the spinal root of the trigeminus, to emery 
at their superficial origin along the bottom of the postolivary sulcus, incorporated with tl 
afferent fibres in the five or six root-fasciculi forming the entire ninth nerve. The cortical cot 
nections of the motor fibres are established by cortico-bulbar fibres that arise from cells situate 
within the gray matter of probably the lower part of the precentral gyrus. After traversir 
the motor path through the corona radiata, internal capsule, cerebral peduncle and pons, th 
cortical fibres end, on reaching the upper level of the medulla, in arborizations around the mot 
root-cells chiefly of the opposite side., 
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Central Connections of the Sensory Part of the Glosso-Pharyngeal Nerve.—The affere 
or sensory fibres of the glosso-pharyngeal nerve are the axones of cells within the jugular ar 
petrous ganglia situated along the upper part of the nerve-trunk. Entering the skull throug 
the jugular foramen, the sensory fibres approach the brain-stem in the five or six delicate roc 
bundles that reach the medulla along the groove between the olivary eminence and the interi 
cerebellar peduncle. Passing to the ventral side of the spinal root of the trigeminus, « 
traversing this field, in company with the motor fibres, the afferent fibres continue dors 
mesially through the formatio reticularis grisea towards the dorsal nucleus. Just before reac 
ing the latter, however, the sensory fibres separate into two groups, a medial and a lateral. T1 
first and smaller of these continues its course to the dorsal sensory nucleus, around the cel 
of which its fibres end. It is probable that the cells constituting the upper groups of the dors 

y nucleus are particularly concemed in receiving the impulses giving rise to gustato 
impressions, since the glosso-pharyngeal is recognized as the nerve of taste. Considering tl 
fact that the afferent fibres of the facial nerve, which constitute the pars intermedia of Wrisber 
are distributed peripherally chiefly by the chorda tympani, are also concerned in conveyit 
taste-impulses and end, in part at least, in the same nucleus as does the ninth, the senso 
portion of the seventh nerve may be regarded, at least functionally, if not from a morphologic 
standpoint, as an aberrant strand of the glosso-pharyngeal. 
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The second and much larger group turns outward and abruptly downward to form the 
chief constituent of the spinal tract, the fasciculus solitarius. In transverse sections ( Fig. 927) 
the Jatter appears as a conspicuous, compact, rounded bundle, that lies lateral to the dorsal 
nucleus and behind the strands of root-fibres. The solitary fasciculus is accompanied through- 
out its course by a slender column of gray matter, which lies partly on the surface of the bundle 
and partly amongst its fibres and contains numerous nerve-cells of small size which constitute 
the re-ception-station for the greater number of the afferent fibres of the ninth nerve. Since these 
fibres are continually ending at different levels in their descent, it follows that both the fascic- 
ulus and its nucleus gradually diminish in size, until, at about the level of the sensory decussa- 
tion, they are no longer distinguishable. 


Course and Distribution.—Leaving the superficial origin along the groove 
Separzating the olivary eminence from the inferior cerebellar peduncle, the isolated 
Toot- fasciculi, about half a dozen in number and in series with those of the vagus, 
assermra ble to form a single trunk, which passes outward in front of the flocculus of the 
cereE>e2llum to the jugular foramen. As it traverses this foramen, the glosso-pharyn- 
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Diagram showing tympanic plexus and connections of glosso-pharyngea) nerve. 


geal Ries external and anterior to the tenth and eleventh nerves and in its own 
sepak—=ate dural sheath. It occupies a groove, or sometimes a bony canal, in the fora- 
men =a nd in this situation presents two thickenings, the jugu/ar and petrous ganglia. 
€&- ging from the foramen, the nerve passes between the internal carotid artery 
and © Ke internal jugular vein and, dipping beneath the styloid process, follows a 
WE&Nyard course along the posterior border of the stylo-pharyngeus muscle, with 
which jt passes between the internal and external carotid arteries. Turning gradually 
forwea wd, it reaches the outer side of the stylo-pharyngeus muscle and stylo-hyoid 
liganma ent and disappears beneath the hyo-glossus muscle to break up into its terminal 
Shes to the tongue (Fig. 1079). 
Ganglia of the Glosso-Pharyngeal Nerve.—In the course of the nerve 
(0 S2-anglia are found, the jugu/ar and the petrous.. They contain aggregations of 
nur <>nes whose dendrites constitute the peripheral sensory fibres and whose centrally 
dite ted axones form the sensory root-fibres of the nerve. 
_ The jugular ganglion (¢. superius) which may be regarded as a detached 
Pn of the petrous ganglion, hes in the upper part of the groove occupied 
¥ the glosso-pharyngeal nerve in its transit through the jugular foramen. It is 
VaMable in size and not always present and measures only from 1-2 mm. in length. 
Me ganglion does not include the entire thickness of the nerve but only the 
interior portion, the fibres of the superior portion passing uninterruptedly over it. 
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The petrous ganglion (g. petrosum) is larger than the jugular and involves 
the entire nerve. It is oval or fusiform in shape, measures from 4-5 mm. in length, 
and is lodged within a slight depression in the lower part of the groove for the 
nerve in the jugular foramen. 

The communications of the petrous ganglion include filaments (a) from 
the superior cervical ganglion of the sympathetic, (4) to the auricular branch of the 
vagus and sometimes (¢) to the ganglion of the root of the vagus. 

Branches.—The branches of the glosso-pharyngeal nerve are: (1) the éym- 
panic, (2) the pharyngeal, (3) the muscular, (4) the fonsillar and (5) the /ingual. 

1. The tympanic nerve (n. tympanicus) or /acobson’s nerve, arises from 
the petrous ganglion as its most important branch and traverses a tiny canal in the 
osseous bridge between the jugular fossa and the carotid canal. Entering the tym- 
panic cavity and receiving fibres from the carotid plexus of the sympathetic by way 
of the small deep petrosal (n. caroticotympanicus), the tympanic nerve passes 
upward and forward in a groove on the promontory and breaks up in this situation 
to form the tympanic plexus (plexus tympanicus [Jacobsoni]). After distributing 
filaments to the mucous membrane lining the tympanic cavity and the associated 
air-spaces (mastoid cells and Eustachian tube), its fibres reassemble and join with a 
filament from the geniculate ganglion to continue as the small superficial petrosal 
nerve to the otic ganglion (Fig. 1075). 

Branches.—These are: (a) the small superficial petrosal nerve, (6) the branch 
to the fenestra ovalis, (c) the branch to the fenestra rotunda, (d) the branch to the 
Eustachian tube, (¢) the branch to the mastoid cells and (f) the branch to the great 
superficial petrosal nerve. 


a, The small superficial petrosal nerve (n. petrosus superficialis minor) (Fig. 1075) is the 
continuation of the tympanic nerve, formed by a reassembling of the fibres of the plexus, sup- 
plemented by a filament from the geniculate ganglion of the facial. It traverses a canal which 
begins at the anterior superior portion of the tympanic cavity, passes beneath the upper end of 
the canal for the tensor tympani and appears on the superior surface of the petrous portion of 
the temporal bone, to the outer side of the cranial opening of the hiatus Fallopii. While in the 
canal it sometimes receives a communicating branch from the great superficial petrosal nerve. 
It leaves the cranium through a canal in the greater wing of the sphenoid, or through the fissure 
between the greater wing and the petrous portion of the temporal bone, and on reaching the 
base of the skull, joins the otic ganglion as its sensory root ( Fig. 1075). . 

6. The branch to the fenestra ovalis supplies the mucous membrane in the neighborhood 
of the oval window. 

c. The branch to the fenestra rotunda is distributed to the mucous membrane over and 
around the fenestra. 

d. The branch to the Eustachian tube supplies the mucous membrane lining the osseous 
portion of that canal. 

e. The branch to the mastoid cells supplies the mucous lining of these cells. 

SJ. The branch to the great superficial petrosal nerve joins the latter in the hiatus Fallopii, 


2. The pharyngeal branches (rr. pharyngei) number two or more, of which 
the largest descends along the course of the internal carotid artery and joins the 
pharyngeal branches of the vayus and sympathetic to form the pharyngeal plexus, 
which supplies the mucous membrane and muscles of the pharynx. The smaller 
pharyngeal branches pierce the superior constrictor and are distributed to the 
mucous membrane lining the upper portion of the pharynx. 

3. The muscular branch (r. stylopharyngeus) enters the stylo-pharynegus, 
and, after giving off fibres for the supply of that muscle, passes through it to be 
distributed to the mucous membrane of the pharynx. 

4. The tonsillar branches (rr. tonsillares) are given off near the base of 
the tongue. They are slender filaments which form a plexiform ramification, the 
etrewus tonsillaris, around the tonsil. From this plexus filaments are distributed to 
the tonsil, the soft palate and the faucial pillars. 

5. The lingual branches (rr. linguales) are the two terminal filaments of the 
nerve, The larger posterior branch passes upward and separates into a number of 
filaments which supply the circumvallate papilla: and the mucous membrane covering 
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the posterior part of the dorsum of the tongue, the glosso-epiglottic and pharyngo- 
epiglottic folds and the lingual surface of the epiglottis. The smaller axterior branch 
supplies the mucous membrane of the side of the tongue half way to the tip. 


Fic. 1076. 
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Deep dissection of neck showing ninth, tenth, eleventh and twelfth cranial nerves and their branches. 


“NWJariation.—Instances are recorded in which the mylo-hyoid nerve was absent and a 
brane~ 3, of the glosso-pharyngeal supplied the mylo-hyoid muscle and the anterior belly of the 
digas eric, the innervating fibres being, probably, aberrant filaments of the trigeminus. 

4 ig 
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., _The tenth, vagus or pneumogastric nerve (mn. vagus) is the longest and most 
wide= ¥ y distributed of the cranial series. Starting in the cranium, it passes through 
ha ®xeck, thorax and upper part of the abdomen before breaking up into its terminal 

"&<hes. In addition to certain filaments concerned with special functions, distrib- 
ute@l. to the heart and abdominal viscera, it contains both motor and sensory fibres. 

Soma = of the motor constituents of the nerve arise from its own origin, but the major- 
itY Perhaps are contributions of the accessorius vagi, the so-called accessory part of 
the Spinal accessory nerve. The vagus supplies motor fibres to the muscles of the 

solt ¥Fpalate (with the exception of the tensor palati and, probably, partly the levator 
i and azygos uvule), pharynx, asophagus, stomach, and intestine (with the 
€xC@ption of the rectum), and to those of the larynx, trachea, and bronchi and their 
sw0clivisions. It distributes sensory fibres to the dura mater, external ear, pharynx, 
o3®phagus, stomach, larynx, trachea, bronchi and subdivisions and pericardium. 

80 
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Special fibres are furnished to the heart, liver, spleen, pancress, kidneys, suprarenal 
bodies and intestinal blood- vessels. 


It is generally admitted that the bulbar or accessory portion of the eleventh nerve forms an 
integral part of the motor division of the vagus, and, hence, should be included with the efferent 
fibres of the tenth. As to the ultimate distribution of these accessory fibres, and conversely of 
the vagus motor fibres proper, much discussion and many conflicting views have existed and, 
even at present, a consensus of opinion can scarcely be said to have been reached. After 
reviewing the evidence, both anatomical and experimental, Van Gehuchten ! concludes that the 
accessory fibres are distributed chiefly, if not indeed exclusively, to the larynx through the infe- 
rior laryngeal branch of the vagus, and are continued neither to the heart nor to the stomach. 
The efferent vagus fibres proceeding to the heart are inhibitory in function ; whether they directly 
reach the cardiac muscle is doubtful, since, reasoning from analogy, it is probable that the vagus 
fibres end around sympathetic neurones whose axones are the filaments coming into immediate 
relations with the muscle-fibres. Of the efferent fibres of the vagus distributed to the stomach 
and other parts of the digestive tract, some are secretory, while others, possibly, influence the 
caliber of the blood-vessels, in both cases being interrupted in sympathetic ganglia before gain- 
ing their destination. 


Deep Origin of the Motor Portion.—As stated above, the efferent fibres of 
the vagus consist of two sets, vagus fibres proper and those derived from the acces- 
sory portion of the spinal accessory. The former have their deep origin in the xz- 
cleus ambiguus and the dorsal motor nucleus, in series with the motor fibres of the 
ninth nerve; the accessory fibres arise from the nucleus ambiguus only. The 
detailed description of these nuclei has been given (page 1260). The fibres arising 
from the nucleus ambiguus at first pass backward toward the floor of the fourth 
ventricle, then bend sharply outward and, condensed into compact strands that 
receive the fibres originating from the motor cells of the dorsal nucleus, proceed, 
ventro-laterally in company with the sensory fibres, to their superficial origin along 
the postero-lateral groove behind the olivary eminence. 

Central Connections of the Sensory Portion.—The afferent root-fibres of 
the vagus are the axones of the neurones lying within the ganglia of the root and 
of the trunk situated on the upper part of the nerve. The centrally directed processes 
pass into the medulla, in company with the motor strands, and divide into two sets. 
Those forming the larger of these end in arborizations around the cells within the 
lower portion of the dorsal sensory nucleus ; those of the smaller set bend downward 
and enter the fascicu/us solitarius to terminate in arborizations around the cells of 
the spinal nucleus of reception. (For details of these nuclei see page 1260). As in 
the case of the other mixed nerves—the fifth, seventh and ninth—the secondary 
paths distributing the sensory impulses include (a) fibres that pass from the recep- 
tidn-nuclei to the tract of the mesial fillet, and so on to the great brain, and 
(6) those that pass to the cerebellum. 

Course and Distribution.—The vagus, disregarding its accessory fibres 
which at first are incorporated in a common trunk with the eleventh nerve, arises 
from its superficial origin by a row of twelve or fifteen filaments which emerge 
from the surface of the medulla along the postero-lateral sulcus between the olivary 
eminence and the inferior cerebellar peduncle. These fasciculi lie in series with 
those of the ninth nerve above and of the eleventh below (Fig. 1046). 

After leaving the surface of the brain-stem, the converging rootlets of the vagus 
fuse to form a single flattened trunk, which passes outward beneath the flocculus of 
the cerebellum to the jugular foramen (Fig. 1074). The trunk leaves the cranium 
through the rear division of the middle compartment of this foramen, invested by a 

-dural sheath shared by the spinal accessory nerve. In this situation it presents a 
yanglionic enlargement called the ganglion of the root. Emerging from the jugular 
foramen, the ‘vagus bears a second thickening, the ganglion of the trunk, and enters 
the carotid sheath, through which it passes downward the entire length of the neck. 
Within the carotid sheath the nerve lies at first between the internal carotid artery 
and the internal jugular vein, and then between the common carotid artery and the 
vein, occupying the posterior groove between these vessels. At the root of the 





1 Anatomic du Systéme Nerveux, 1904. 
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neck. it leaves the carotid sheath and becomes an occupant of the thorax. Entering 
the thoracic cavity the nerve traverses first the superior and then the posterior 
mediastinum, its course differing widely on the two sides. 

The right vagus (Fig. 1090), after passing in front of the first portion of the 
subclavian artery and behind the right innominate vein and the superior vena cava, 
descends along the right side of the trachea to reach the posterior aspect of the root 
of the lung. Here the entire nerve breaks up to form the fosterior pulmonary 
pleac zs, which assembles at its lower border to form two cords. These pass inward 
across the vena azygos to the cesophagus and again break up to unite with a 
similaas contribution from the left side to form the esophageal plexus (Fig. 1081). 
On-approaching the oesophageal opening in the diaphragm, the fibres of the plexus 
become reunited to form the continuation of the trunks of the two vagus nerves. 
The right vagus, somewhat larger than the left, follows the posterior aspect of the 
esophagus and, after entering the abdomen through the cesophageal opening, is 


FIG. 1077. 





cra ey Showing connections between the superior cervical sympathetic ganglion and the glosso-pharyngeal, vagus 
and hypoglossal nerves. 


dist Buted to the posterior surface of the stomach and to the solar plexus, and 

S=ctly to the spleen, pancreas, intestine, kidney and suprarenal body. 
ariees he left vagus, after passing between the left common carotid and subclavian 
ae and behind the left innominate vein, crosses the anterior surface of the aorta 
= he en bends backward to reach the posterior surface of the root of the lung. In 
bi Winer similar to the right, it forms the posterior pulmonary plexus and reassem- 

Rmto two cords. These pass inward anteriorly to the thoracic aorta and 
enter the wsophageal plexus, at the lower end of which the fibres of the left nerve 
father on the anterior surface of the esophagus, traverse as a single solid trunk 

€ G=sophageal opening and are distributed to the anterior surface of the stomach 
and to the liver. 

Ganglia of the Vagus Nerve.—Two ganylia are found in the course of the 
Reve, the ganglion of the root and the ganglion of the trunk. They are collections 
of neurones whose axones form the sensory root-fibres of the vagus, the greater 
Number, however, being connected with the cells of the ganglion of the root. 

The ganglion of the root (¢. jugulare) or upper ganglion (Fig. 1077) is 
4 grayish spherical mass of nerve-cells, about 4 mm. in Icngth, situated in the upper 
part of the jugular foramen. 
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The communications of this ganglion include filaments which pass between the ganglion 
and (a) the facial and (4) spinal accessory nerves, (c) the superior cervical ganglion of the 
sympathetic nerve and (d@) the petrous ganglion of the glosso-pharyngeal. 


The ganglion of the trunk (g. nodosum) or lower ganglion (Fig. 1077) 
is a reddish, flattened, fusiform group of nerve-cells. It lies beneath the jugular 
foramen, about 1 cm. below the ganglion of the root, and measures from 1.5-2 cm. 
in length and about 4 mm. in diameter. The accessory part of the spinal accessory 


nerve over the ganglion on its way to fuse with the vagus, which it does 
usually immediately beyond the ganglion. 


The communications of this ganglion include filaments which pass between the ganglion 
and (a) the hypoglossal and (6) spinal accessory nerves, (c) the loop between the first and 
second cervical nerves and (@) the superior cervical ganglion of the sympathetic. 


Branches.—The vagus nerve gives off the following branches: from the 
ganglion of the root, (1) the meningeal and (2) the auricular; from the ganglion 


Fic. 1078. 
(7 ras ETA. 
A, VAGUS 
ae % 3 tof tom pac >—_ 
‘e % | § 


GLO330-PHARYNGCAL 
J 






GE 


&, 


ry 





@ 
fy ncih! wh 
oh * # 
on 235 
ane « 
RARELY 


Diagram of upper part of right vagus nerve, showing its pharyngeal and laryngeal branches with connections, 


of the trunk, (3) the pharyngeal and (4) the superior laryngeal ; in the neck, (5) 
the superior cervical cardiac, and (6) the infertor cervical cardtac ; in the thorax, 
(7) the inferior laryngeal, (8) the thoracic cardiac, (9) the anterior pulmonary, 
(10) the posterior pulmonary, (11) the usophageal and (12) the pericardial; and 
in the abdomen, (13) the abdominal. 

1. The meningeal branch (r. meningeus) arises from the ganglion of the 
root and follows a recurrent course upward through the jugular foramen to supply 
the dura mater of the posterior fossa of the cranium, especially in the vicinity of the 
lateral and occipital sinuses. 

2. The auricular branch (r. auricularis) is given off from the ganglion 
of the root. It receives a filament of communication from the petrous ganglion 
of the ninth nerve and follows the outer margin of the jugular foramen to an 
opening between the stylo-mastoid and jugular foramina. Entering this foramen it 
traverses a canal in the temporal bone which crosses the inner side of the facial canal 
and terminates between the mastoid process and the external auditory meatus. 
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_ Leaving the canal the nerve supplies the skin of the posterior of the auricle and 
_ ofthe posterior inferior portion of the external audi pre gid on 


While traversing the temporal bone the auricular nerve communicates with the facial 
‘aiierreaching its area of distribution, with the posterior auricular nerve. aa! 
The auricular nerve may be absent or muhy feve with Sie sale trunks of we 


_Variations.— 
lal, its fibres under these circumstances probably reaching their destination through the 
tenor auricular nerve. Sir txaneh of conseneicaticn with the $astel srg baliapaate acs 


3. The pharyngeal branches (rr. pharyngei), usually an upper and a lower 
hut sometimes more or only one, are given off from the upper portion of the gang- 


Fic, 1079. 
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Dg dissection of right side of head and neck, showing lingual, glosso-pharyngeal, pneumogastic, hypoglossal 
and sympathetic nerves. 














thon of the the trunk and include to a considerable extent fibres brought to the vagus by 
RS accessory portion. They pass downward and inward, between the external and 
"ternal carotid arteries, and join the pharyngeal branches from the glosso-pharyn- 
Sei nerve and from the superior cervical ganglion of the sympathetic to form the 
Pharyngeal plexus (plexus pharyngeus) (Fig. 1078). This plexus contains one or 
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more minute sympathetic ganglia and ramifies over the middle constrictor of the 
pharynx. It supplies motor fibres to the muscles of the pharynx and of the soft 
palate, with the exception of the stylo-pharyngeus and the tensor palati. From the 
plexus proceed sensory filaments to the mucous membrane of the pharynx. A 
filament from this plexus, the /ingual branch of the vagus (r. lingualis vagi), com- 
posed of fibres from both the ninth and tenth nerves, joins the hypoglossal as it 
hooks around the occipital artery. 


Variation.—A slender branch, the middle laryngeal nerve, is described as arising from the 


pharyngeal plexus and supplying the crico-thyroid muscle, after which it pierces the crico- 
thyroid membrane and supplies the mucous membrane of the lower part of the larynx. 


4. The superior laryngeal nerve (n. laryngeus superior) (Fig. 1079) arises 
from the middle of the ganglion of the trunk and takes a downward and inward 
course beneath the external and internal carotid arteries toward the superior cornu 
of the thyroid cartilage. It divides terminally into (a) the external and (6) internal 
laryngeal branches. 


Communications.—Before dividing, the superior laryngeal nerve receives filaments from 
the superior cervical sympathetic cardiac and from the pharyngeal plexus. 

The cardiac twig given off by the external laryngeal nerve joins with the superior cervical 
cardiac branch of the sympathetic. In the lower part of the larynx the external laryngeal nerve 
inosculates with the terminal fibres of the internal laryngeal. 

At the inferior portion of the larynx, the internal laryngeal nerve communicates with the 
terminal filaments of the external laryngeal, and in this way supplies sensory fibres to the 
mucous membrane lining the lower part of the larynx and to the muscles. 


Variation.—Instead of passing to the inner side of the internal carotid artery the nerve may 
lie external to it. 


a. The external laryngeal branch (r. externus), much smaller than the in- 
ternal, passes downward upon the inferior constrictor of the pharynx and beneath the 
infrahyoid muscles to the crico-thyroid muscle, which it supplies. It sends filaments 
also to the inferior pharyngeal constrictor and gives off a cardiac twig which joins the 
superior cervical cardiac branch of the sympathetic. 


Variations.—The external laryngeal has been seen to send filaments to the thyroid gland, 
the pharyngeal plexus, the sterno-hyoid, sterno-thyroid, thyro-hyoid and crico-arytenoideus lat- 
eralis muscles and to the mucous membrane of the vocal cord and lower portion of the larynx. 


6. The internal laryngeal branch (r. internus), larger than the external, 
passes downward and inward between the middle and inferior constrictors of the 
pharynx and enters the larynx by piercing the thyro-hyoid membrane. By means 
of its cpiglottic, pharyngeal, descending and communicating branches, it supplies the 
mucous membrane covering the internal and pharyngeal surfaces of the larynx and 
the mucous membrane of the base of the tongue. 


Variation.— Instead of piercing the thyro-hyoid membrane the nerve may obtain entrance 
to the larynx through a small foramen in the thyroid cartilage. 


5. The superior cervical cardiac branch (rr. cardiaci superiores—both cervi- 
eal cardiacs) arises from the vagus in the upper part of the neck. It either joins 
a cardiac branch of the vagus or passes independently down the neck and along the 
side of the trachea to end in the deep cardiac plexus (Fig. 1132). 

6. The inferior cervical cardiac branch leaves the vayus at the root of the 
neck. On the right side it courses along the side of the innominate artery and either 
independently, or after joining one of the other cardiac nerves, enters the deep car- 
diac plexus. The left: passes in front of the arch of the aorta and joins the superior 
cervical cardiac branch of the left sympathetic to form the superficial cardiac plexus 
(Fig. 1132). 

z- The inferior or recurrent laryngeal nerve (n. recurrens) (Fig. 1080) 
differs on the two sides in the early part of its course. The right nerve is given off at 
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‘the root of the neck as the vagus crosses the anterior surface of the subclavian artery, 
#rom which point it passes under and behind the artery and ascends. The deft nerve 
‘tgakes its origin as the vagus crosses the anterior aspect of the aortic arch, and after 

ing below and behind the arch, lateral to the obliterated ductus arteriosus, ascends 
zu nthe superior mediastinum to enter the neck. After entering the neck the further 
«course of the nerve is the same on both sides. It passes upward posterior to the 
«<—xrotid sheath, either anterior or posterior to the inferior thyroid artery, occupies the 


FIG. 1080. 
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Dissection showing cardiac branches of pneumogastric nerves and of sympathetic cords; aortic arch and branches 
and pulmonary artery partially removed ; pericardium laid open. 


oh <>ve between the wsophagus and the trachea, and, dipping beneath the lower 
Se of the inferior constrictor of the pharynx, enters the larynx at the inferior 
MA&Rgin of the cricoid cartilage. 


The asymmetry observed in the first part of the course of the nerves of the two sides is 

SC <»mdary and referable to the changes incident to the development of the large arterial trunks. 
In the fectus both nerves hook around the fourth aortic arch of the corresponding sides and 
are. therefore, for a time symmetrically disposed. Since, however, on the left side this arch 
‘“<2>mes the arch of the aorta, and on the right the innominate and subclavian arteries (page 
T® ), itis evident that the vagi, although retaining their primary associations, later alter their 
“al position and relations in consequence of the unequal growth and downward displacement 

¥hich these blood-vessels undergo. 


Branches.—Duriny its course the inferior laryngeal nerve gives off:.a) the 
cardiac, (6) the tracheal, +e) the wsophageal, id) the muscular and (ey the ferminal 
branches, 
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a. The cardiac branches (rr. cardiaci inferiores) are given off in the superior mediastinum 
and enter the deep cardiac plexus. 

6 and c. Tracheal and cesophageal branches (rr. tracheales et oesophagei) are given off as 
the nerve ascends in the neck between the trachea and cesophagus. 

ad, Muscular branches enter the inferior constrictor of the pharynx. 

¢. The terminal branches (a. laryngeus inferior) are formed at the point where the nerve 
breaks up on the inner side of the thyroid cartilage. They supply the intrinsic muscles of the 
larynx, with the exception of the crico-thyroid. 

As it turns to ascend, the inferior laryngeal nerve communicates with the inferior cervical 
ganglion of the sympathetic, its terminal filaments joining with those of the internal laryngeal. 


Variations.—The inferior laryngeal nerve has been seen to supply twigs to the crico-thyroid 
muscle. In cases in which the subclavian artery arises dorsally, the right recurrent 
laryngeal passes directly downward and inward from the vagus to the larynx. 


8. The thoracic cardiac nerves (rr. cardiaci inferiores) of the right side are 
derived both from the vagus as it lies beside the trachea and from the inferior ee 
geal. Those of the left side arise exclusively from the inferior laryngeal. ey 
help to form the deep cardiac plexus. 

g. The anterior pulmonary branches (rr. bronchiales anteriores) are two 
or three small filaments which, on the right side, receive communicating fibres from 
the deep cardiac plexus and, on the left side, are joined by filaments from both car- 
diac plexuses. These unite to form the anterior pulmonary plexuses (plexus 
pulmonales anteriores ) (Fig. 1080), which communicate with each other and with the 
posterior plexuses, and ramify over and supply the anterior aspect of the bronchus 
and root of the lung. 

10. The posterior pulmonary branches (rr. bronchiales posteriores) are 
several large twigs which join with filaments from the second, third and fourth tho- 
racic ganglia of the sympathetic to form the posterior pulmonary plexus (plexus 
pulmonalis posterior). Fibres from this plexus communicate with the corresponding 
structure of the opposite side and with the anterior pulmonary plexuses, in this way each 
vagus sending fibres to both lungs. Branches from the plexus, bearing tiny ganglia, 
follow the subdivisions of the bronchi to supply the ultimate units of the lung. 

11. The cesophageal branches (rr. oesophagei) are given off in two situa- 
tions: in the superior mediastinum, where the right vagus and the left inferior 
laryngeal distribute cesophageal branches, and in the posterior mediastinum, where 
the cesophagus is surrounded by branches from the cesophageal plexus or plexus 
gula (Fig. 1081). This plexus is composed of the two vagus nerves, after they 
leave the posterior aspect of the bronchi, in conjunction with filaments from the 
yreat splanchnic nerves and from some of the lower thoracic ganglia. Both the 
muscular and mucous coats of the cesophagus are innervated from this source. 

12, The pericardial branches (rr. pericardiaci) are given off to the upper 
anterior portion of that membrane by either vagus and to the posterior portion by 
the cesophageal and frequently the posterior pulmonary plexuses. 

13. The abdominal branches come from both nerves. On gaining the pos- 
terior surface of the stomach after following the corresponding aspect of the cesopha- 
gus, the right vagus forms the fosterior gastric plexus along the lesser curvature, 
from which gastric branches supply the posterior surface of the stomach; the 
remaining and larger part of the plexus is continued as the celiac branches to 
the plexus of the same name and, thence, in company with the sympathetic strands, 
to the subsidiary plexuses supplying the spleen, the pancreas, the intestine, the 
suprarenal bodies and the kidneys. Ina similar manner, along the lesser curvature 
the left vagus forms the anterior gastric plexus, from which numerous gastric 
branches are distributed to the anterior surface of the stomach, the continuation of 
the plexus being hepatic branches, which join the sympathetic filaments accompany- 
iny the hepatic artery to supply the liver. 


Practical Considerations.—The pneumogastric nerve may be compressed 
or displaced by tumors in the neck, or it may be injured in accidental or operative 
k wounds, or by fracture of the base of the skull. Its division is not always fatal ; in 
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fact, a portion of it has been deliberately removed with success. In those cases in 
which the nerve was divided, difficulty in breathing and swallowing, slowing of 
the respiration, laryngismus, changes in the voice, diminished inspiratory murmur, 
asthma and pneumonia were noticed (Park), In cases of pressure by tumors on 
the pneumogastrics of both sides, lung disturbances, dyspnoea, weakening of the 
pulse, and a ravenous appetite were observed. 
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Dissection showing lower part of pneumogastric nerves and their branches. 


Lesions of the recurrent laryngeal branch of the pneumogastric, from tumors, 
abscesses, ete., are comparatively common. Injury to this nerve is the chief danger 
to be feared. in the removal of the thyroid gland, passing as it does so close to the 
sand and to 
t0 or during 


the inferior thyroid artery where the latter is usually ligated preliminary 
the excision of the gland. As; it is the main motor nerve of the lary: 
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its irritation causes spasm of the laryngeal muscles, with brassy cough and stridulous 
breathing. The tendency to closure of the glottis is sometimes so threatening 
as to demand immediate tracheotomy or intubation. Paralysis causes hoarseness 
or loss of voice (aphonia). In a bilateral paralysis both cords fall into the cadaveric 
position. Loss of voice results and marked inspiratory dyspneea, which may demand 
tracheotomy or intubation. 


THE SPINAL ACCESSORY NERVE. 


The eleventh or spinal accessory nerve (n. accessorius) is purely motor. It con- 
sists of two portions, a spinal and an accessory, which differ widely in origin, course 
and distribution. The spinal portion or accessorius spinalis (r. externus) is so termed 
because it arises from the spinal cord and the accessory portion or accessorius vagt 
(r. internus) receives its name in recognition of the fact that it is accessory to the 
vagus. As emphasized in connection with the last-named nerve (page 1266), the 
so-called accessory portion of the eleventh is, in reality, an integral part of the vagus 
and the description of its deep origin and distribution has been included with those 
of the vagus. There remains, therefore, only the spinal portion of the nerve to be 
considered. The spinal part—the eleventh nerve proper—supplies the sterno- 
mastoid and trapezius muscles. 

Deep Origin.—The fibres constituting the spinal part of the nerve arise as the 
axones of a column of large multipolar neurones which is situated in the anterior 
horn of the spinal gray matter and extends from the lower end of the medulla to 
the fifth or sixth cervical segment of the spinal cord. The cells of this column, 
known as the accessory nucleus, occupy a dorso-lateral position in the horn, lying 
posterior to the cells from which arise the fibres of the anterior roots of the cervical 
nerves. Leaving these cells, the fibres pass dorsally within the gray matter to the 
vicinity of the bay between the anterior and posterior horns, where, while some at 
once curve outward and traverse the white matter to gain the lateral surface of the 
cord, the majority bend abruptly brainward and pursue a short ascending path before 
turning outward. 

Course and Distribution.—The superficial origin of the accessory nerve 
is marked by the emergence of a series of fasciculi along the lateral surface of the 
spinal cord between the anterior and posterior roots of the cervical spinal nerves, the 
fasciculi progressively nearing the posterior roots as they issue at higher levels. 
Consecutively joining shortly after they escape from the cord, the fasciculi unite to 
form a common trunk, which gradually increases in size by accessions of fibres at 
each succeeding segment. The nerve-trunk thus formed passes upward in the sub- 
dural space, between the ligamentum denticulatum and the posterior nerve-roots 
(Fig. 879), to the foramen magnum, through which it enters the cranium. Upon 
reaching the side of the medulla, the spinal accessory nerve turns outward to enter 
the middie compartment of the jugular foramen and to unite temporarily with the 
accessory vagus. It occupies the posterior part of the middle compartment of the 
jugular foramen, lying within a dural sheath which contains also the vagus. On 
reaching the lower margin of the foramen, the fibres accessory to the vagus gases 
nently leave the eleventh nerve. The latter, often described as the spinal part, 
courses downward for a short distance in the interval between the internal carotid 
artery and the internal jugsular vein and then passes backward, cither anterior or pos- 
terior to the vein, until it reaches the deep surface of the sterno-mastoid muscle, 
which it usually enters. While within the substance of the muscle, the spinal 
accessory gives off filaments which unite with a branch from the second cervical 
nerve to form the sferno-mastoid plexus (Fig. 1082) for the supply of that muscle. 
Emerging from beneath the posterior edge of the sterno-mastoid, the eleventh 
nerve crosses the occipital triangle and dips under the anterior margin of the 
trapezius along the deep surface of which it descends almost to the lower margin 
of the muscle. Under the trapezius the nerve forms a plexus of varying degrees 
of intricacy with the third and fourth cervical nerves. This is called the 
sublrapesial plexus (Fig. 1082), its fibres of distribution supplying solely the 
trapezius muscle. 
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by the unopposed action of the muscles of the opposite side. The nerve may be 
injured by operative or other wounds in the submaxillary region or in the mouth, as 
in gun-shot wounds. It can be easily reached in the submaxillary region by the 
same incision as that used for ligating the lingual artery (page 736). It passes for- 
ward to the tongue, just above the hyoid bone, and forms the upper boundary of the 
small. ‘‘ lingual triangle,’’ which is exposed when the submaxillary gland is elevated. 


THE SPINAL NERVES. 


The cranial division of the somatic nerves having been considered, the spinal 
group next claims attention, the visceral or splanchnic (sympathetic) nerves being 
reserved for a final and separate description. 

The spinal nerves (nn. spinales) include a series of usually thirty-one pairs of 
symmetrically disposed trunks which pass laterally from the spinal cord and emerge 
from the vertebral canal through the intervertebral foramina (Fig. 880). Each 
nerve arises from the cord by a dorsal sensory and a ventral motor root, which sepa- 
rately traverse the subarachnoid and subdural spaces and evaginate or pierce the pia 
mater, arachnoid and dura mater. Within the intervertebral foramina the roots unite to 
form a common trunk, which carries with ita sheath composed of the three membranes, 
the contribution of the arachnoid and pia, however, soon ending, whilst the dural 
covering is prolonged to become continuous with the epineural sheath of the nerve. 

Nomenclature.—The spinal nerves are designated not relative to the position 
at which they arise from the cord, but according to their point of emergence from the 
vertebral canal. They are divided, therefore, into the cervical, thoracic, lumbar, 
sacral and coccygeal groups. With the exception of those in the cervical region, 
the individual nerves are named according to the vertebra below which they emerge 
from the vertebral canal. On account of the disproportion between the eight cervi- 
cal nerves and the seven cervical vertebra, this arrangement necessarily can not 
prevail in the neck. The first cervical nerve, often called the subocctpital nerve, 
emerges between the occipital bone and the atlas ; the second emerges below the first 
vertebra, the third below the second and so on down to the eighth, which traverses 
the foramen between the seventh cervical and first thoracic vertebral segments. 

Constitution.—Every spinal nerve arises by two roots, a posterior sensory 
and an anterior motor, the latter being composed of the axones proceeding from the 
motor neurones situated within the gray matter of the anterior cornu of the spinal cord, 
whilst the fibres composing the posterior or sensory root are the axones of the neurones 
within the ganglia which are invariably present on these roots. The formation of the 
common trunk, by the union of the two roots, affords opportunity for the two varie- 
ties of fibres to intermingle, so that the anterior and posterior primary divisions into 
which the common trunk divides contain both sensory and motor fibres. In addition 
to these fibres, which are destined for the somatic muscles and the integument, others 
are added from the sympathetic neurones for the supply of the outlying involuntary 
muscle and glandular tissue occurring in the regions to which the spinal nerves are 
distributed. It is evident, therefore, that the terms ‘‘ motor '’ and ‘‘sensory,”’ 
applied to the somatic branches of the spinal nerves, are relative and not absolute: 
since in all cases the nerves passing to the muscles contain sénsory and sympathetic 
fibres in addition to those ending as motor filaments in relation with the striated 
muscle fibres. Likewise, in the case of the sensory branches distributed to the integ- 
ument, sympathetic filaments (motor to the involuntary muscle of the blood-vessels 
and secretory to the glands) accompany those concerned in collecting sensory 
impulses. On the other hand, where they retain their typical plan, as in the case of 
the thoracic nerves, the spin: al nerves contribute motor fibres which end around the 
sympathetic neurones to supply motor impulses either to the involuntary muscle 
of the organs, by way of the splanchnic efferents, or to the outlying involuntary 
muscle along the somatic nerves in the manner above described. 

The sensory, posterior or dorsal roots (radices posteriores) of the spinal 
nerves are usually larger than the motor, a condition due to the increased number 
of their filaments and the greater size of those filaments (fila radicularia). The fas- 
cieuli which form the sensory root are attached to the cord along the postero-lateral 
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dorsal muscles and integument. At the two extremities of the spinal series the 
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THE COCCYGEAL NERVE. 


The posterior primary division (r. posterior) of the coccygeal nerve (n. coccy- 
geus) does not divide into internal and external branches. ‘It unites with the fourth 
and fifth sacral to form the posterior sacro-coccygeal nerve, whose course and distri- 
bution are described above. : 


THE ANTERIOR PRIMARY DIVISIONS OF THE SPINAL NERVES. 


The anterior primary divisions (rr. anteriores) of the spinal nerves, like the 
posterior (rr. posteriores), contain fibres from both the anterior and posterior roots 
and, with the exception of those of the first and second cervical nerves, are larger 
than the posterior. After liberation from the main trunk at the intervertebral 
foramina, they pass ventrally and supply the lateral and anterior portions of the neck 
and trunk, as well as the limbs. 

Shortly after leaving its foramen, each anterior division is joined by a slender 
fasciculus from the ganygliated cord of the sympathetic, called the gray ramus 
.communicans (page 1357). Branches to the sympathetic system are given off from 

¥ some of the thoracic, lum- 
- bar and sacral nerves, in the 
shape of small fasciculi of 
medullated fibres, called the 
white rami communicantes. 
These are destined for the 
various structures of the 
splanchnic area and consti- 
tute the z7sceral or splanch- 
nic distribution of the spinal 
nerves. The remainder of 
the fibres are supplied to 
the body wall and ex- 
tremities and constitute the 
somatic distribution of the 
nerves. 

In the case of the 
cervical, first and some- 
times second thoracic, lum- 
bar, sacral and coccygeal 


sc. Diagram iMlustratiyy constitution and division of typical spinal NEE Es nerves, plexuses of a greater 
SC, spinal cord; AR, » anterior and posterior rvots; SG, spinal mi R or less degree of intricacy 


lon : C7 comme trunk tAD, AD. snterior: and posterior primary ae : 

BE ols eect eat, era And amine careers Prenchest are interposed between the 
origin and distribution of 

the nerves. This renders the tracing of any set of fibres a matter of extreme difficulty, 

but in the greater portion of the thoracic region the original segmental and less 

complex arrangement persists. 

A typical spinal nerve (Fig. 1085), such as one of those in the mid-thoracice 
region, is arranged as follows. The constitution of the main trunk (page 1278) and 
the distribution of its posterior branch (page 1279) have already been described. 
The anterior primary division (cr. anterior) leaves the intervertebral foramen and 
almost immediately is connected with the gangliated cord by pray and white rami 
communicantes. It) then enters an intercostal space through which it courses 
between the external and internal intercostal muscles, both of which it supplies. At 
the side of the chest it gives off a daferal cutancous branch (+. cutaneus lateralis), 
which distributes a few tiny motor twigs and then pierces: the external intercostal 
muscle to supply the skin over the lateral portion of the trunk. On reaching: 
the superficial fascia it usually breaks up into two branches, a larger anterior (r, 
anterior) and a smaller posterior (r. posterior). Having given off the lateral 
eutancous branch, the main anterior primary division continues its forward course 
nearly to the mid-line, where it pierces the muscle and) becomes superficial as the 
antertor terminal cutancous branch ¢, cataneus anterior ). 


Fic. 1085. 
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and the diaphragm, whilst others communicate with the ninth, cleventh and twelfth 
cranial and the sympathetic nerves. 


THE CERVICAL PLEXUS. 


I. Superficial Branches. II. Deep Branches. 
A. Ascending branches : D. External branches : 
1. Small occipital j. Muscular 
2. Great auricular 8. Communicating 
B. Transverse branch : E. Internal branches : 
3. Superficial cervical g. Muscular 
C. Descending branches : 10. Phrenic 
4. Suprasternal 11. Communicating 


5. Supraclavicular 
6. Supraacromial 


1. The superficial branches are purely sensory. They become superficial 
at the posterior border of the sterno-mastoid, slightly above its middle, and from that 
point radiate in all directions to reach their cutaneous destinations (Fig. 1087 ). 

1. The small occipital nerve (n. occipitalis minor) (Fig. 1087) may be either 
single or double. It originates from the second and third cervical nerves, or from 
the second only, and passes backward and upward beneath the deep fascia along or 
overlapping the posterior border of the sterno-mastoid muscle, where it gives off (a) 
the cervical branches. \t pierces the deep fascia at the upper angle of the occipital 
triangle and breaks up into its terminal branches : (4)-the auricular, (c) the mastoid 
and (d) the occipital. 


a, The cervical branches are tiny twigs which supply the skin over the upper part of the 
occipital triangle. 

8. The auricular branch supplies the integument over the cranial aspect of the posterior 
part of the pinna. 

c. The mastoid branch supplies the scalp overlying and above the mastoid process. 

d. The occipital branch is distributed to the area of scalp of the occiput lying between the 
mastoid process and the distribution of the great occipital nerve. 

The small occipital communicates with the posterior and great auricular nerves and with 
the great occipital. 









Variations.—The small occipital varies in size and may be so small as to be distributed 
only to the integument in the neck. In such an event, and usually in case of any deficiency, 
the unsupplied area receives fibres from the great occipital. It sometimes passes backward 
instead of upward and pierces the trapezius near the upper border before reaching the scalp. 





2. The great auricular nerve (n. auricularis magnus) ( Fig. 1087) is the larg- 
est of the superficial set and arises, usually with the superficial cervical nerve, from 
the second and third, from the third alone, or from the third and fourth cervical 
nerves, Turning over the posterior margin of the sterno-mastoid it ascends toward 
the ear between the platysma and the deep fascia. Below the car it gives off a few 
(a) facial twigs and then terminates by dividing into (6) auricular and (¢) mastoid 
branches. 


a. The facial twigs pass through the parotid gland and over the angle of the mandible, 
supplying the integument over the parotid gland and masseter muscle and communicating with 
the cervico-facial division of the seventh cranial nerve. 

4, The auricular branches (r. anterior) supply mainly the cranial surface of the posterior 
part of the pinna. One filament passes through the cartilage by means of a cleft between the 
concha and the antihelix and supplies the outer surface, while a few twigs are distributed to the 
outer surface of the lobule, The auricular branches inosculate with the small occipital and pos- 
terior auricular nerves. 

c. The mastoid branch (r. posterior) is distributed to the skin overlying the mastoid process 
and the upper part of the sterno-mastoid muscle. It inosculates as'docs the auricular branch, 


Variation.--The mastoid branch may arise independently from the plexus and pass upward 
to its destination between the small occipital and yreat auricular nerves. 
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Variation — The superficial cervical, instead of a single nerve, may arise as two or more 
filaments from the cervical plexus, 


The descending branches (an. supraclaviculares) (Fig. 1089) arise from the 
third and fourth cervical nerves and pass downward in the anterior margin of the 
occipital triangle along the posterior edge of the sterno-mastoid. On nearing the 
clavicle they break up into three distinct sets: (4) the suprasternal, (5) the supra- 
clavicular and (6) the supraacromial, 


Fic. 1088. 
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Dissection showing superficial branches of cervical plexus and posterior cutaneous branches. 


4. The suprasternal branches (rr. supraclaviculares anteriores) are the 
smallest. They pass over the lower end of the sterno-mastoid and the inner end of 
the clavicle and supply the skin of the chest as far down as the angulus Ludoviei. 
One or two filaments terminate in the sterno-clavicular articulation. 

5. The supraclavicular branches (rr. supraclaviculares medii) pass across 
the middle of the clavicle and supply the integument of the chest as far down as the 
third or fourth rib, inosculating with twigs from the anterior cutaneous branches of 
the upper thoracic nerves. 


Variation.—A twig may perforate the clavicle. 
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a. The pleural branches, two in number, are almost microscopic in size, and are given 
off w= the nerve crosses the apex of the pleura. One supplies the costal pleura and the other, 
whi«= 3h sometimes accompanies the internal mammary artery, is distributed to the medias- 
tina R pleura. 

6. The pericardiac branch (r. pericardiacus) is a tiny filament which is usually given off 
opp=x»site the lower margin of the third costal cartilage. It is sometimes absent on the left side. 

¢. The terminal branches arise under cover of the pleura and differ to some extent on 
the & ~wo sides. 

The right phrenic divides antero-lateral to the opening for the inferior vena cava into (aa) 
an a w-aterior and (44) a posterior branch. 

aa, The anterior branch breaks up under the pleura into five or six fine twigs, which spread 
out =2 ntero-laterally in the sternal portion and the anterior part of the right costal portion of the 
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Dissection showing phrenic nerves; parts of sternum and ribs have been removed ; lungs are pulled aside; 
pericardium is undisturbed. 


diaphragmatic musculature. Tiny filaments traverse the interval between the sternal and costal 
Portions and enter the abdomen, where they are distributed to the peritoneal covering of the 
'2Phragm and to the falciform ligament of the liver in the direction of the umbilicus. 
4b. The posterior branch picrces the central tendon at the outer margin of the quadrate 
opening and divides into a muscu/ar branch and the right pArenico-abdominal branch (1. phrenico- 
abdom inalis dexter). The former supplies the lumbar portion of the musculature of the diaphragm. 
¢ latter traverses the quadrate foramen and first gives off a recurrent branch which accompanies 
Inferior vena cava back to the right auricle. After giving off this branch, under cover of the 
Pertoneum some of its fibres enter the diaphragmatic ganglion and others unite with filaments 
the cceliac plexus to form at the inferior surface of the diaghragm the diaphragmatic 
Plezug, which is joined by twigs from the diaphragmatic ganglion. From this plexus fibres 
are distributed to the coronary ligament and peritoneum of the liver and to the right supra- 
Tenal body. 
_ The deft phrenic pursues a general antero-lateral course and pierces the diaphragm at the 
Mnction between the musculature and the central tendon. Under cover of the peritoneum it 
ts up into an anterior, a lateral and a posterior branch. The aafertor branch supplies the 
Muscle of the left sternal portion and the antero-lateral part of the left costal portion. The 
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lateral branch supplies the corresponding part of the left costal portion. The posterior brancd 
(r. phrenicoabdominalis sinister) is distributed to the left lumbar portion of the muscle of the 
diaphragm and usually either a filament passes to the left semilunar ganglion or several smal 
threads to the carliac plexus, one of which can be traced to the left suprarenal body. 

The phrenic nerve communicates in the lower part of the neck with the middle or inferioi 
cervical ganglion of the sympathetic. At the inferior aspect of the diaphragm it communicates, 
on the right side, with the diaphragmatic plexus of the sympathetic and, on the left side, witk 
the semilunar ganglion or the celiac plexus. 


Variations.—The phrenic may receive additional roots from the nerve to the subclavius, 
the nerve to the sterno-hyvid, the second or the sixth cervical nerve, the n. descendens cervi- 
calis or the ansa hypoglossi. It may arise exclusively from the nerve to the subclavius or, aris- 
ing normally, niay give a branch to that muscle. It sometimes passes along the lateral border 
of or pierces the scalenus anticus muscle. Instead of descending behind the subclavian vein it 
may pass anterior to it or even through a foramen in it. 

The accessory phrenic nerve arises either from the fifth alone or from the fifth and sixth 
cervical nerves and, entering the thorax either anterior or posterior to the subclavian vein, 
joins the phrenic at the base of the neck or in the thorax. 


11, The communicating branches of the internal set effect unions with (a) the sympathetic, 
(4) the vagus and (c) the hypoglossal. 

a. The superior cervical ganglion of the sympathetic or the association cord connecting 
the superior and middle ganglia sends gray rami communicates to the first, second, third and 
fourth cervical nerves. 

6. The ganglion of the trunk of the vagus is sometimes connected by means of a tiny 
nerve with the loop between the first and second cervical nerves. 

c. The hypoglossal nerve receives, just below the anterior condyloid foramen, a good 
sized branch from the loop between the first and second cervical nerves. This communication 
furnishes sensory fibres to the hypoglossal nerve which subsequently leaves the latter as its men- 
ingeal branch ; other spinal fibres leave the twelfth as the n.descendens hypoglossi and as the 
nerves to the genio-hyold and thyro-hyoid muscles. 


Practical Considerations.—Of the mofor nerves of the cervical plexus the 
Phrenic is most commonly the seat of trouble and this may result in or be associated 
with spasm or paralysis of the diaphragm. The involvement of the diaphragm may 
be part of a progressive muscular paralysis, as from lead poisoning, or from injuries 
or diseases of the spine. The nerve may be compressed by tumors or abscesses of 
the neck, or be injured in wounds of the neck. It passes downward under the sterno- 
mastoid muscle and on the scalenus anticus, from about the level of the hyoid bone. 
It is covered and somewhat fixed by the layer of deep fascia covering the scalenus 
anticus muscle. The clonic variety of spasm, singultus or hiccough, is very common, 
and is occasionally though rarely dangerous by preventing rest and sleep ; it may 
complicate apoplexy, peritonitis or chronic gastric catarrh, 

If only one phrenic is paralyzed the disturbance of function is slight and not 
easily recognized. In a bilateral paralysis, as from alcoholic neuritis, respiration 
depends almost entirely on the intercostal muscles, since the diaphragm is completely 
paralyzed.  Dyspnoea, therefore, occurs on slight exertion. The epigastrium is 
depressed rather than prominent and the lower border of the liver is drawn upward. 

The supersicial branches of the cervical plexus emerge together through the deep 
fascia near the middle of the posterior border of the sterno-mastoid muscle, and from 
this point pass in various directions. The auricularis maynus passes upward and 
forward over the sterno-mastoid to the ear and parotid gland, the occipitalis minor 
along the posterior margin of the same muscle to the scalp, and the superficial 
cervical branch obliquely forward and upward to the submaxillary region. The 
descending branches are three in number and pass respectively in the direction of 
the sternum, clavicle and acromion. They give rise to little or no disturbance 
when wounded. 


THE BRACHIAL PLEXUS. 


The brachial plexus (plexus brachialis) is a somewhat intricate interlacement ol 
the anterior primary divisions of usually the lower four cervical and first thoracic 
nerves. To these are sometimes added a branch from the fourth cervical, a branch 
from the second thoracic, or branches from both of these nerves. The fasciculi form- 
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ing this plexus emerge in the interval between the scalenus anticus and medius and 
from the side of the neck pass beneath the clavicle and into the axilla through its apex. 
The plexus is divided, therefore, into two portions, a cervical or supraclavicular part 
(paws supraclavicularis) and an axt/lary or infraclavicular part (pars infraclavicularis ). 
In the posterior cervical triangle the plexus lies first above and then to the outer side 
of the subclavian artery and vein, is crossed by the posterior belly of the omo-hyoid 
muscle and is frequently threaded by the transverse cervical or the posterior scapu- 
lar artery. After entering the axilla its component parts, while lying mainly to the 
outer side, forma close fasces around the axillary artery, whose sheath they occupy. 
In the upper part of the axilla the plexus is overlain by the subclavius and _pectoralis 
major muscles and before dividing into its terminal branches it lies enclosed between 
the pectoralis minor and subscapularis muscles. 

Constitution and Plan.—In the various weavings of the component elements 
of the plexus five stages can be recognized: (a) anterior primary divisions of 
the sspinal nerves, (4) trunks, (c) divisions, (a) cords and (¢) terminal branches 
(Figr. 1091). 
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Diagram illustrating plan of brachial plexus, 


Emerging from the interval between the anterior and middle scalene muscles, 
the fifth and sixth cervical nerves unite to form the outer or upper trunk, the 
seventh alone is continued into the middle trunk, whilst the eighth cervical and first 
thoracic fuse to form the inner or lower trunk. These trunks continue undivided 
until slightly beyond the lateral margin of the scalenus anticus, cach one then sepa- 
fang into an anterior and a posterior division. These are of about equal size. 
with the exception of the posterior division of the inner trunk, which is much smaller 
than the others because the first thoracic nerve sends few if any fibres to the posterior 

“sion. The six divisions, three anterior and three posterior, unite differently to 
orm three cords. The outer cord (fasciculus lateralis) is the bundle formed by the 
Union of the anterior divisions of the outer and middle trunks. The posterior cord 
Sciculus posterior) is the result of the fusion of the posterior divisions of all of the 
trunks and the inner cord (fasciculus medialis) is the continuation of only the 
anterior division of the inner trunk. The trunks are named in correspondence with 
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their position as regards one another, while the cords are denominated according to 
their relation to the axillary artery, the outer lying lateral to, the inner mesial to, and 
the posterior behind, the artery. 


Variations.—Considerable variety exists as regards the length of the component nerve- 
bundles in their several portions, division and union taking place at different levels in different 
individuals. ‘The fifth cervical nerve may pass in front of or through the scalenus anticus. The 
sixth, though not so frequently as the ‘th, may traverse the scalenus anticus. The seventh 
cervical nerve, as the middle irunk, may break up into three branches, one going to each of 
the three cords. The fibres of the posterior cord may arise from only the seventh and eighth, 
or the sixth, seventh and eighth cervical nerves. Plexuses have been seen in which only two 
cords, a smaller and a larger, were present, the latter taking the place of either the inner and 
outer or the inner and posterior cords, 


Communications.—The five nerves comprising the source of the plexus are 
connected to the sympathetic system by gray rami communicantes and there is 
possibly a white ramus communicans passing from the first thoracic nerve to the 
first thoracic ganglion of the sympathetic. 


Fic, 10g2. 
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Deep dissection of neck, showing consutution of right brachial plexus. 


Practical Considerations.—Sensory disturbances are rather rare in the 
distribution of the brachial plexus of nerves, but motor troubles are comparatively 
common, and are sometimes associated with disturbances of sensation. The whole 
plexus, or only an individual branch, may be involved. The most common cause 
is injury, such as dislocation of the head of the humerus, a fracture of the clavicle, 
or a forced apposition of the clavicle to the first rib. Other causes are the 
pressure of tumors or the constitutional effects of poisons and infections. The 
plexus is so superficial above the clavicle that it can be felt or even seen in 
thin people. 


Branches.—These fall naturally into two groups, those given off from the 
supraclavicular and those from the fnfraclavicular portion of the plexus. 
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the inner wall, lying posterior to the brachial plexus and the axillary vessels, and upon 
the lateral aspect of the serratus magnus. It gives off successive twigs to the digita- 
tions of the last-named muscle, which alone it supplies. The fibres derived from the 
fifth cervical nerve supply the upper part, those from the sixth the middle and those 
from the seventh the lower part of the muscle. 


Variations.—The contribution from the fifth nerve sometimes fails to join the main nerve 
and goes directly to its distribution to the upper digitations. The root from the seventh nerve 
may be absent. An additional root may be contributed by the eighth cervical nerve. 


Practical Considerations.—The posterior thoracic nerve may be paralyzed 
by an injury in the suprascapular region or in the axilla, by carrying heavy 
weights upon the shoulder, or as a result of infectious disease, cold or rheu- 
matism. The most noticeable sign is a prominence of the scapula (winged scapula), 
from the failure of the paralyzed serratus magnus muscle to hold the vertebral border 
of the scapula close to the thorax. That border and the inferior angle project and 


FIG. 1093. 
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Dissection of right axilla, showing relations of brachial plexus to blood-vessels. 


become prominent. When the arm is in front of the chest the deformity is most 
marked and the lower angle approaches the mid-line of the back. The patient can- 
not lift anything heavy with the affected arm. Since the incision to open an axillary 
abscess is made vertically in the middle of the thoracic wall of the axillary space, to 
avoid the vessels at its borders, this nerve is in some danger as it passes to the 
serratus magnus muscle. 


4. The muscular branches supply the longus colli, the scaleni anticus, 
medius and posticus and the subclavius. 


a. The longus colli and scalenus anticus are supplied by small twigs which arise from 
the anterior surface of the lower four cervical nerves as they leave the vertebral column. 

6. The scaleni medius and posticus reccive fibres given off from the posterior aspect of 
the lower four cervical nerves as they pass through the intervertebral foramina. 

c. The nerve to the subclavius (n. subclavius) takes its origin from the outer trunk of the 
plexus, its fibres coming mainly from the fifth cervical nerve. It passes through the subclavian 
triangle, over the third portion of the subclavian artery and behind the clavicle, to enter the 
deep surface of the subclavius muscle. 
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Dissection of right axilla, showing relation of brachial plexus to subclavian and axillary vessels 
with arm abducted, 


F off a filament which unites with a similar structure from the internal anterior thoracic 
the vides into two branches which pierce the costo-coracoid membrane and enter 
eep surface of the pectoralis major. The upper branch supplies the clavicular 
on uf the muscle and the lower branch the upper part of the sternal portion. 
the ‘ oop between the anterior thoracic nerves gives off a filament which pierces 
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pronators and all the flexors except the flexor carpi ulnaris and the ulnar half of the 
flexor profundus digitorum are supplied by it. The second phalanges of the middle 
and index fingers cannot be flexed, although the first phalanges can be flexed and 
the second and third extended in all the fingers through the interossei muscles ; 
flexion of the third phalanges of the little and ring fingers can be accomplished by 
the ulnar half of the flexor profundus, which is supplied by the ulnar nerve. The 
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Superficial dissection of right palm, showing branches of median and ulnay nerves; part of anterior 
annular ligament has been removed to expose median nerve. 


thumb cannot be flexed or abducted, although it may be adducted. One of the 
most characteristic features of the hand is lost—that is, the ability to appose the 
thumb to any one of the fingers, as in picking up small objects. 

In wounds of the axilla the median is the nerve most frequently injured, the 
musculo-spiral least frequently, as the median lies more superficially and the musculo- 
spiral behind the vessels. In the arm the median can be easily found to the inner 
side of the biceps and coraco-brachialis muscles, where it lies on the brachial vessels. 
At the elbow it is found to the inner side of the brachial artery, the guide to 
which is the biceps tendon which in turn lies just to the outer side of the artery. 
At about the middle of the wrist the nerve lies under the palmaris longus tendon, 








‘ulations are 
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Further description of the communications of the ulnar nerve, in addition to those just 
mentioned, will be found in connection with the median nerve (page 1301). 


Variations.—The ulnar may have a root from the seventh cervical nerve by way of the outer 
cord, or may be derived from the eighth cervical only or from the seventh and eighth. It may 
pass in front of the internal condyle or lie behind the condyle and slip forward during flexion of 
the elbow. Connecting twigs have been seen passing from the ulnar to the internal cutaneous, 
to the median in the upper arm and to the musculo-spiral. Frequently there is an associating 
branch in the forearm between the median and the ulnar. Muscular twigs have been noted as 
passing to the inner head of the triceps, the flexor sublimis digitorum, the first and second 
lumbricales and the supenc head of the flexor brevis pollicis. Deficiencies in the branch to 
the dorsum of the hand have been observed to be compensated for by the radial, the inferior 
external cutaneous branch of the musculo-spiral or the internal cutaneous. _In a specimen with 
absence of the radial nerve all four fingers were sipplied by the ulnar. The dorsal terminal 
filaments of the ulnar tend to encroach on the radial side of the hand and in one case reached 
the dorsum of the first phalanx of the thumb. 


Practical Considerations.—In paralysis of the ulnar nerve, flexion of the wrist 
is impaired, and also (on account of the flexor carpi ulnaris paralysis) lateral motion 
toward the ulnar side (adduction). There is difficulty in spreading the fingers, as 
all the interossei are supplied by this nerve. The hand will be ‘‘ clawed’’ from the 
paralysis of the interossei, which now fail to resist the action of the extensors on 
the proximal phalanges, and of the flexors on the distal and medial, except in the 
middle and ring fingers where the flexor profundus—its ulnar half being paralyzed— 
has only a slight influence on the distal phalanges. Besides the flexor carpi ulnaris, 
the ulnar half of the flexor profundus and the interossei, the ulnar nerve poppies 
all the hypothenar muscles, the adductor pollicis, the inner half of the flexor brevis 
pollicis and the two ulnar lumbricales ; consequently the hypothenar eminence dis- 
appears and the thenar eminence shows atrophy in ulnar paralysis. This nerve is 

‘involved particularly in those whose occupations require them to press their elbows 
against hard objects or to strike blows frequently with the ulnar border of the hand. 
It may be injured in fractures of the elbow, particularly of the internal condyle. In 
the forearm and wrist it is the nerve most frequently injured. It is found on the inner 
side of the brachial artery in the upper half of the arm, but in the lower half it passes 
posteriorly to the bony interval between the internal condyle and the olecranon, 
where it is readily located by pressure, which causes a tingling sensation down the 
forearm. The same sensation is often produced by blows on the elbow, the nerve 
being compressed between the internal condyle and the olecranon. It is the structure 
most frequently damaged in excisions of the elbow. In the lower two-thirds of the 
forearm it lies to the radial side of the flexor carpi ulnaris muscle and to the ulnar 
side of the ulnar artery. At the wrist it passes over the anterior annular ligament in 
the same relation to the artery and to the radial side of the pisiform bone. 


14. THE SuBSCAPULAR NERVES. 


The subscapular nerves (nn. subscapulares) (Fig. 10g2) arise from the posterior 
cord and are usually three in number. Together they supply the three muscles which 
form the posterior boundary of the axillary space. 

The upper or short subscapular nerve is composed of fibres which are 
prolonged from the fifth and sixth cervical nerves. It often is either double in origin 
or divides into two branches shortly after leaving the posterior cord. It arises 
behind the circumflex nerve and after a short course enters the inner surface of the 
subscapularis near the upper margin of that muscle. : 

The middle or long subscapular nerve (n. thoracodorsalis ), the largest of the 
three, arises from the rear aspect of the posterior cord, behind the origin of the 
musculo-spiral nerve. Its fibres are derived from the sixth, seventh and eighth 
cervical nerves, the majority of them coming from the seventh. It takes a course 
downward and outward on the posterior axillary wall behind the axillary artery, and 
accompanies the subscapular artery to the deep surface of the latissimus dorsi, betore 
entering which it breaks up into a number of strands. 

The lower subscapular nerve obtains its fibres from the fifth and sixth cer- 
vical nerves. It arises from the posterior cord behind the origin of the circumflex 
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and passes downward and outward beneath the axillary artery and the circumflex 
and musculo-spiral nerves. It sends fibres to the inferior portion of the subscap- 
ulax-ass muscle and terminates in the substance of the teres major. 

“Variations.— As regards origin the upper my arise from either the fifth or the sixth cervi- 
lone or from the seventh and eighth or rarely by an 


cal rnerve, the middle from the seventh 
addi @iional filament from the fifth, and the lower from the fifth, sixth and seventh or from the 


fifth «or sixth alone. As regards distribution, the nerves to the lower part of the subscapularis 
and to the teres major may p' separately from the brachial plexus or the latter nerve 


may bea branch of the circumflex. 
15. THE CIRCUMFLEX NERVE. 
‘The circumflex or axillary nerve (n. axillaris) (Fig. 1092) is one of the terminal 
braraches of the posterior cord and contains fibres which are derivatives of the fifth 


FIG. 1099. 
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Dissection of right palm, showing distribution of deep branch of ulnar; flexor tendons of third and fourth 
fingers, with corresponding lumbricales, divided and turned down, 

and sixth cervical nervés. It arises near the lower margin of the subscapularis and 

Posterior to the axillary artery. Accompanied by the posterior circumflex artery it 

takes a backward course through the quadrilateral space, bounded above by the 

subscapularis and the teres minor, below by the teres major, internally by the 
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humeral head of the triceps and externally by the humerus. Having traversed 
this space it winds around the surgical neck of the humerus and reaches the outer 
aspect of the shoulder. 

Branches.—These are: (a) the articular, (6) the cutaneous and (c) the 
muscular. 


a. The articular branches are usually two in number. The upper arises near the origin of 
the circumflex and the lower during the passage of the nerve through the quadrilateral space. 
They supply the anterior inferior portion of the capsular ligament of the shoulder. A third 
articular branch is described as passing up the bicipital groove, supplying a twig to the upper 
end of the humerus and one to the neighboring portion of the capsular ligament of the shoulder. 

6. The cutaneous branch (n. cutaneus brachii lateralis) arises as a common trunk with the 
nerve to the teres minor. It becomes superficial between the long head of the triceps and the 
posterior border of the lower third of the deltoid and is distributed to the integument over the 
posterior half of the deltoid and the posterior surface of the upper half of the arm, 

One or two cutaneous filaments are derived from the muscular branches to the deltoid. 
They pierce the deltoid and are distributed to the skin over the lower portion of that muscle. 

¢c. The muscular branches (rr. musculares) innervate (aa) the teres minor and (6d) the 
deltoid. 

aa, The nerve to the teres minor arises from the circumflex at the posterior margin of the 
quadrilateral space and enters the middle of the posterior inferior border of the muscle which it 
supplies. 

6b. The deltoid branches comprise the largest portion of the nerve and consist of its termi- 
nal fibres. The terminal portion of the circumflex forms a bow, with its convexity in contact 
with the deep surface of the deltoid, extending around the upper part of the humerus almost as 
far forward as the anterior margin of the deltoid muscle. It gradually diminishes in size as the 
result of the departure of a series of twigs which enter and supply the fasciculi of the deltoid. 


Variations.—The circumflex may receive very few or no fibres from the sixth cervical nerve. 
It may pierce the subscapularis and may supply that muscle. It may give origin to the nerve to 
the teres major and has been observed to furnish filaments to the long head of the triceps and 
to the infraspinatus. 


Practical Considerations.—The circumflex nerve is frequently paralyzed 
from injuries to the shoulder, as in birth palsies when pressure is made in the axilla. 
It undergoes special strain in dislocations of the shoulder, the nerve being stretched 
over the head of the humerus and often lacerated. Other branches of the brachial 
plexus may be injured in this dislocation. Since the circumflex passes around 
the humerus at about the level of the surgical neck it is sometimes damaged 
in fractures in that situation. The most prominent symptom in paralysis of this 
nerve is loss of the rotundity of the shoulder from atrophy of the deltoid muscle. 
As the circumflex winds around the posterior surface of the humerus and reaches 
the anterior part of the deltoid muscle from behind, incisions for reaching the 
shoulder joint, as in excisions, should be made anteriorly, since only the terminal 
branches of the circumflex will then be divided; paralysis of the deltoid is thus 
prevented. 





16. THE MUscULo-SPIRAL NERVE. 


The musculo-spiral nerve (n. radialis) (Fig. 1100), the larger terminal branch of 
the posterior cord, is in fact the continuation of the latter. Its component fibres are 
derivatives of the sixth, seventh and eighth, and sometimes of the fifth, cervical 
nerves and it is distributed to the muscles and integument of the extensor surface of 
the arm, forearm and hand. After separating from the circumflex, it passes down- 
ward behind the axillary artery and over the surface of the latissimus dorsi and teres 
major muscles. Accompanied by the superior profunda artery, it turns backward on 
the inner aspect of the arm and, entering the musculo-spiral groove and traversing 
the interval between the internal and long and the external head of the triceps, 
reaches the lateral aspect of the arm. It then takes a forward course through the 
external intermuscular septum and becomes an occupant of the cleft between the 
brachioradialis and the brachialis anticus. Continuing in this space as far as the level 
of the external condyle of the humerus the nerve divides into its terminal branches, 
the posterior interosseous and the radial (Fig. 1095). 
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ing the posterior aspect of the forearm. Here it takes a position between the two 
layers of the extensor muscles and rapidly decreases in size by giving off in quick 
succession branches to the neighboring muscles. As a much attenuated nerve it 
reaches the posterior surface of the interosseous membrane at the junction of the 
middle and lower thirds of the forearm. From the interval between the extensores 
longus and brevis pol- 


FIG. 1103. licis it courses along 
Supraacromial brs. cervical plexus the membrane, cov- 
ered in turn by the ex- 

tensor longus pollicis, 


the extensor indicis 
and the tendons of 
the extensor longus 
digitorum, finally 
reaching the dorsum 
of the wrist, where 
it presents a small 
gangliform swelling. 
In the lower fourth of 
its course it is some- 
times called the exr- 
ternal interosseous 
nerve. 
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Superficial dissection of right arm, showing cutaneous nerves of 
anterior surface; cephalic vein is seen passing up to delto-pectoral 
interval; basilic vein pierces deep fascia at lower inner aspect of arm. 


The latter receives two 
filaments, which supply 
the two strata of muscle 
consequent upon the de- 
lamination of the supin- 
ator brevis by the pos- 
terior interosseous 
nerve. Quite frequently 
the nerve to the exten- 
sor carpi radialis long- 
tor arises from this por- 
tion of the posterior 
interosseous, 

The branches giv- 
en off after leaving the 
muscle include the sup- 
ply of the exlensor car- 
pi ulnaris, the extensor 
communis digitorum, 


the erfensor minimi digiti, the three extensors of the thumb and the evtensor indicts. 
The first three of these muscles are supplied by a branch which leaves the posterior inter- 


osseous soon after its emergence from the supinator brevis. 


This nerve divides into two 


branches, one of which is distributed to the extensor carpi ulnaris and the other to the remain- 


ing two muscles. 


The extensor communis digitorum receives additional innervation from a twig 
which arises from the posterior interosseous further down the forearm. 
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The extensor ossis melacarpi pollicis and the extensor brevis pollicis are innervated by a 
branch arising below the preceding, which breaks up into two decurrent twigs, one of which 


goes to each muscle. 


The extensor longus pollicis is the recipient of a small filament, which arises from the 
posterior interosseous a short distance below the preceding nerve. 


The extensor indicis is sup- 
plied by the lowermost motor 
filament arising from the poste- 
gior interosseous. 

Terminal twigs are distrib- 
ited to the dorsal portion of the 
ist joint, the intercarpal and 
«—arpo-metacarpal joints, the peri- 
«osteum of the radius and ulna 
zjnd the interosseous membrane. 
ore of the filaments supplying 
ghee last-mentioned structure fre- 
«qtently inosculates with a branch 
rom the anterior interosseous. 

The filaments to the carpus 

are continued through the meta- 
«carpal spaces and are joined by 
twigs from the deep branch of 
the ulnar (page 1305). The joint 
merves thus formed break up into 
two branches which accompany 
adjoining metacarpal bones to 
the metacarpo-phalangeal articu- 
lations. The branch to the first 
Metacarpal space breaks up into 
Seven branches (Rauber ). 


46. The radial nerve 

(r.  superficialis n. radialis) 
lg. 1095) is smaller than 
posterior interosseous 

and is purely sensory in its 
Nection. Its fibres originate 
the sixth cervical nerve 

and sometimes from the fifth 
Or seventh. From the end of 
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io-radialis and anterior 
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Pronator radii teres and the 
Fadial head of the flexor 
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of its course, the radial 
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Superficial dissection of right forearm and hand, showing cutaneous 
nerves of anterior and palmar surface. 


kward over the radius and under the tendon of the brachio-radialis (Fig. 1095). 
eaching the extensor surface of the forearm just above the wrist it divides into 
‘wo diverging branches, which supply the back of the hand and the three outer 


digits (Fig. 1102). 


Branches.—The radial nerve divides into two terminal branches, an external 


and an internal. 
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The external or radial branch inosculates with the musculo-cutaneous nerve and dis- 
tributes filaments to the integument of the thenar eminence and the radial side of the thumb as 
far out as the base of the nail. 

The internal or ulnar branch splits into two parts. The inner of these likewise under- 
goes dichotomous division and supplies the dorsal aspect of the adjacent surfaces of the thumb 
and the index finger. The outer divides similarly to the inner and is distributed to the adjoining 
sides of the index and middle fingers.. It gives off a branch which inosculates with the adjacent 
filament from the dorsal branch of the ulnar nerve, so that the contiguous surfaces of the middle 
and ring fingers are the recipients of fibres from both the radial and ulnar nerves. 

As the ulnar side of the hand is approximated the digital area of distribution of the radial 
nerve gradually recedes toward the wrist. On the thumb the radial extends as far out as the 
base of the nail, on the index finger as far as the middle of the second phalanx and on the 
middle finger only over the proximal portion of the first phalanx. The deficiency in these 
instances is supplied by twigs from the digital branches of the median nerve. 


Variations.—The musculo-spiral may accompany the circumflex nerve through the quad- 
rilateral space. It may communicate with the ulnar nerve in the upper arm. Cases are 
recorded in which the dorsal digital nerves to the little and the ulnar side of the ring finger 
were furnished by the needle apuet instead of by the ulnar and in which the inferior external 
cutaneous branch extended to the first phalanx of the ring finger and the second phalanx of 
the little finger. The radial nerve may supply the entire dorsum of the hand and the dorsal 
aspect of all the fingers, or it may be absent, the musculo-cutaneous going to the thumb and 
the ulnar to the remainder of the digits. The external division may send a branch to the 

Im. The posterior interosseous may pass over the surface of the supinator brevis and may 
urnish a branch to the anconeus muscle. Two instances are reported in which the posterior 
interosseous supplied the opposed surfaces of the middle and index fingers. 


Practical Considerations.—The musculo-spiral is more frequently paralyzed 
than any of the other branches of the brachial plexus. Its axillary portion often 
suffers from crutch pressure; and the nerve is also particularly exposed to com- 
pression where it passes between the triceps muscle and the humcrus, as when the arm, 
during sleep, is used for a pillow. It has been injured by violent contraction of the 
triceps muscle, as in the act of throwing. It is frequently lacerated by the fragments 
in fractures of the middle of the shaft of the humerus | When the lesion isin the axilla 
the triceps will be included in the paralysis. If the portion in the arm is affected the tri- 
ceps and anconeus will escape, but the following muscles will be paralyzed : the supina- 
tors, the extensors of the hand, the extensor communis digitorum, together with the 
extensor indicis, the extensor minimi digiti and the extensors of the thumb. The 
characteristic symptom is the inability to extend the hand at the wrist (wrist drop), 
and this is the most common form of musculo-spiral paralysis. 


THE THORACIC NERVES. 


The thoracic nerves (nn. thoracales ) ( Fig. 1105) consist of twelve pairs of sym- 
metrical nerve-cords, the upper eleven of which, because of their position in the 
intercostal spaces, are called zxfercostal nerves, and the twelfth, which lies below the 
twelfth rib and is an occupant of the abdominal wall, the suécosta/. Since only seven 
ribs reach the sternum, the upper six thoracic nerves alone are continued throughout 
their entire course in intercostal spaces. The lower six, with the exception of the 
twelfth, after traversing their respective intercostal spaces proceed within the abdom- 
inal wall, through which they course to within a short distance of the median line. 
In accordance with the direction of the ribs, the upper nerves lie more horizontally 
than the lower, the latter becoming more and more oblique as the lower part of the 
abdominal wall is reached. As they advance from the spine, they distribute motor 
filaments to the external and internal intercostals, the subcostals, the levatores 
costarum, the serrati postici superior et inferior, the trianyularis sterni, the external 
oblique, the internal oblique, the transversalis, the rectus, the pyramidalis and a por- 
tion of the diaphragm. Their cutaneous distribution comprises the integument 
of the chest and abdomen anterior to the area supplicd by the posterier primary 
divisions of the thoracic nerves. On account of the presence of the shoulder girdle, 
the usual nerve distribution is modified in the upper thoracic region and the supra- 
clavicular branches of the cervical plexus assume a function belonging to the thoracic 
nerves. At the lower portion of the trunk the usual arrangement is likewise altered, 
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equivalent of a lateral cutaneous branch. In addition to the lateral cutaneor 
anterior cutaneous branch may also be wanting, the arca typically suppli 
the absent branch being served by the descending branches of the cervical p 
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The second thoracic nerve sometimes contributes fibres to the brachial plexus, 
The posterior ramus of its lateral cutaneous branch is called the sztercosto-humeral nerve. 
The intercosto-humeral nerve (n. intercostobrachialis) (Fig. 1105) is quite 
lax-gze and pierces the inner axillary wall between the second and third ribs. Enter- 
ing~ the axilla, it crosses that space toward the arm and communicates with the lesser 
in ternal cutaneous nerve from the brachial plexus. After piercing the deep fascia, 
the intercosto-humeral nerve supplies the internal and posterior portion of the integ- 
urmeent of the upper half of the arm, a few of its fibres extending slightly beyond the 
margin of the scapula. 
The third thoracic nerve may form an inosculation with the lesser internal 
cu taneous nerve. 
The twelfth thoracic or the subcostal nerve lies below the last rib and 
therfore does not occupy an intercostal space, but passes outward below the 
©xtemal arcuate ligament and anterior to the quadratus lumborum muscle. It 
contributes a twig to the lumbar plexus which passes down to join the first lumbar 
nerve. Its lateral cutaneous branch is not confined in its distribution to the 
abclominal wall, since, after piercing the internal oblique and sending a filament 
to the lower digitation of the external oblique, it penetrates the substance of the 
latter muscle at a point from 2-10 cm. above the crest of the ilium and supplies the 
integument of the gluteal region as far down as the upper margin of the great 
trochanter (Fig. 1083). 
Branches of the thoracic nerves are: (1) the muscu/ar and (2) the cutaneous. 


1. The muscular branches (rr. musculares ) may be divided into two groups: (a) the /horacic 
andi (4) the abdominal. 

a, The thoracic muscular branches arise from the first to the seventh inclusive and supply 
the external and internal intercostals, the subcostals, the levatores costarum, the serratus 
Posticus superior, the triangularis sterni and the rectus abdominis. 

The branches to the in¢éercostal and subcosta/ muscles are distributed throughout the course 
¥ each nerve. The first to be given off is the largest and courses forward for some distance 
along the lower part of the intercostal space. The others vary greatly in number and size. 

The branches to the Zevatores costarum consist of fine threads, one arising from each nerve 
beyond the anterior costo-transverse ligament. They pierce the external intercostal muscles 
anci enter the deep surface of the muscles which they supply. 

. The branches to the servatus posticus superior arise from the upper four nerves. After 

Pte rcing the external intercostal muscles they pass along the outer margin of the ilio-costalis and 
SUP ply the four digitations of their muscle. 
‘ The branches to the ‘riangu/aris sterni are terminal continuations of the third to the seventh 
intercostal nerves. After piercing the internal intercostal muscles they pass forward between 
the: Uiangularis sterni and the internal intercostals or, in the case of the seventh, anterior to the 
aarasversalis muscle. In addition to supplying the triangularis sterni the seventh sends fibres to 
the: first digitation of the transversalis. 

The branches to the recfus arise from the fifth, sixth and seventh and enter the deep 
SUrface of the muscle. 

5 6. The abdominal muscular branches arise from the eighth to the twelfth inclusive and are 
4istributed to the intercostals, the subcostals, the levatores costarum, the serratus posticus inferior, 
the external obique, the internal oblique, the transversalis, the rectus, the pyramidalis and the 
diaphragm. 

_ The branches to the intercostal, subcostal and levatores costarum muscles, with the excep- 
tion of arising from the lower thoracic nerves, resemble in origin, course and distribution those 
arising from the upper nerves. 

The branches to the serratus posticus inferior are larger than those to the serratus posticus 
Superior. They arise from the ninth, tenth and eleventh nerves and pass around the lateral 
margin of the ilio-costalis to reach their destination. 

The branches tothe external oblique, the internal oblique and the transversalis comprise 
humerous fine twigs which supply those muscles and arise from the lower five thoracic nerves as 
they course forward between the transversalis and the internal oblique. 

The branches to the rectus arise from the eighth to the twelfth nerves inclusive after they 
have entered the sheath and as they pierce the rectus on their way to the surface. 

The branches to the pyramidalis are derived from the twelfth thoracic and first lumbar 
nerves. 

The branches to the diaphragm are supplied to its costal portion and consist of fine 

filaments which are given off by the lower six thoracic nerves (Luschka). 
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2. The cutaneous branches are larger than the muscular and consist of two 
sets: (@) the /ateral cutaneous and (6) the anterior cutancous. 


a. The lateral cutaneous branches (rr. cutanei laterales) consist of two series, an upper 
and a lower, the former originating from the first to the sixth and the latter from the sixth to the 
twelfth thoracic nerves. Those of the upper series pierce the external intercostal muscles and 
those of the lower the external oblique in a line situated midway between the mammary and 
mid-axillary lines. The upper seven pass between the digitations of the serratus magnus and the 
lower between the digitations of the latissimus dorsi and the external oblique. The one arising 
from the twelfth pierces the musculature of the external oblique. Each lateral cutaneous nerve 
divides into (aa) an anterior and (60) a posterior branch (Fig. 1083). 

aa. The posterior branches (rr. posteriores) are smaller than the anterior. They wind 
around the edge of the latissimus dorsi and supply the integument of the lateral area of the 
trunk as far back as the anterior margin of the region supplied by the posterior primary divi- 
sions of the thoracic nerves. The branches from the third to the sixth inclusive have fibres 
which are distributed over the lateral portion of the scapula. 

66. The anterior branches (rr. anteriores [pectorales et abdominales]) are of considerably 
greater size than the posterior. Those from the second to the seventh pass toward the lateral 
margin of the pectoralis major and supply the integument of this region as far forward as the 
nipple. Branches (rr. mammarii laterales) from the fourth, fifth, and sixth send filaments to 
the skin and substance of the mammary gland. Those from the seventh to the eleventh supply 
the integument of the abdomen as far anterior as the lateral margin of the rectus. The anterior 
branch from the twelfth has a filament which passes over the iliac crest to the integument of the 
gluteal region, usually sending a branch as far as the great trochanter. It maintains a more or 
less even balance with the corresponding branch of the first lumbar nerve, each supplying any 
deficiency in the other. 

6. The anterior cutaneous branches (rr. cutanei anteriores) are the terminal fibres of the 
thoracic nerves. Those from the upper six (rr. cutanei pectorales anteriores) pierce the pectoralis 
major near the lateral margin of the sternum and supply the adjacent integument of the thorax. 
Filaments (rr. mammarii mediales) are distributed to the skin of the mesial portion of the mam- 
mary gland. The anterior cutaneous branches from the lower six (rr. cutanei abdominales ante- 
ciores) vary in position. They consist of the terminal filaments which perforate the anterior 
Portion of the rectus sheath at a situation anywhere between the linew alba and semilunaris. 
Those from the seventh become superficial near the ensiform cartilage, those from the tenth 
supply the region of the umbilicus and those from the twelfth are distributed to the area located 
midway between the umbilicus and the pubic crest (Fig. 1105). 


Practical Considerations.—Of the branches of the thoracic spinal nerves, 
the anterior or intercostals suffer most frequently from sensory disturbances, and 
the posterior from motor disturbances. Jntercostal neuralgia may result from 
pressure, as from ancurism or spinal disease, or it may be due to injury. The lower 
intercostals enter into the supply of both the thoracic and the anterior abdominal 
walls, the pleura also being supplied by them. Pain referred to the abdominal wall 
and rigidity of the abdominal muscles may therefore be due to diseases within the 
chest, as pleurisy. Such diseases in the upper part of the chest may cause pain to 
extend down the arm along the intercosto-humeral nerve, which is the lateral cuta- 
neous branch of the second intercostal nerve, or sometimes of the second and third 
intercostals. The pain of intercostal neuralgias often becomes intense, especially 
after violent expiratory efforts, as in coughing and sneezing ; not infrequently after 
the pain ceases, herpes zoster appears in the line of the nerve affected. This may be 
a trophic disturbance or an extension of the inflammation along the nerve endings 
to the skin. Aastodynia, or the so-called ‘irritable breast of Cooper,’’ is due to 
intercostal neuralgia, and occurs in the female during the child-bearing period. 

The lower intercostal nerves, with the ilio-hypogastric and _ilio-inguinal, supply 
the muscles of the abdominal wall, and are frequently injured by the incisions made 
in abdominal operations, thus leading to more or less impairment of the muscles su; 
plied and favoring the later development. of hernia. The incision should therefore, 
so far as possible, be made in the line of the fibres of the muscles (page 535). 

The intercostal nerves continue their oblique line through the abdominal mus- 
cles. The pain from Pott's disease is often transferred along the nerves coming from 
the affected segment of the cord. In this way pain in the abdominal region may 
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Variations.—The iliac branch may be absent, its place being taken by the lateral cutaneous 
brasnch of the twelfth thoracic nerve. The hypogastric branch may inosculate with the twelfth 
thoracic and may supply the pyramidalis muscle. 


3. THE ILIo-INGUINAL NERVE. 


The ilio-inguinal nerve (n. ilioinguinalis) (Fig. 1107) is the second branch of 
the lumbar plexus and is somewhat smaller than the itio-hypogastric. Its fibres 
usuzaally arise from the first lumbar nerve, with accessions from the twelfth. thoracic. 
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Sometimes it arises entirely from the twelfth thoracic or from the second lumbar or 
from the loop between the first and second lumbar nerves. It occasionally forms a 
common trunk of considerable length with the ilio-hypogastric. In the early part 
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of its course it parallels the ilio-hypogastric, appearing at the edge of the psoas 
magnus, crossing the quadratus lumborum behind the kidney and piercing the trans- 
versalis to reach the intermuscular cleft between the transversalis and the internal 
oblique (Fig. 1105). While in the last situation it inosculates with the ilio-hypo- 
gastric and continues forward to enter the inguinal canal, from which it emerges 
either through the external abdominal ring or through the external pillar of the 
ring, infero-lateral to the spermatic cord. 


Some of the branches of the ilio-inguinal supply the integument of the upper inner portion 
of the thigh. Others (nn. scrotalés anteriores) are distributed to the pubic region and the base 
of the penis and scrotum or, in the female (nn. labiales anteriores ), the mons Veneris and labia 
majora. Tiny motor filaments (rr. musculares) are given off in the course of the nerve to the 
transversalis, the internal oblique and the external oblique. 


Variations.—The ilio-inguinal may be small and terminate near the iliac crest by joining 
the ilio-hypogastric, which then sends olf an inguinal branch with the course and distribution of 
the absent portion of the Hocwyguinat: The nerve may be absent entirely and replaced by either 
branch, usually the genital, of the genito-crural. It may give off a lateral cutaneous or iliac 
branch for the supply of the integument in the region of the anterior superior spine of the ilium. 
The ilio-inguinal may partially replace the genital branch of the genito-crural or, in rare in- 
stances, the externel cutaneous. 


4. THE GENITO-CRURAL NERVE. 


The genito-crural nerve (n. genitofemoralis) is formed by two roots, one of which 
arises from the loop between the first and second lumbar nerves and the other 
directly from the second lumbar nerve, its fibres being derivatives of the first and 
second lumbar. The nerve passes obliquely forward through the musculature of the 

soas magnus, near the inner border of whose anterior surface it emerges opposite 
the body of the third lumbar vertebra, where division into the two terminal 
branches, (a) the genital and (6) the crural, takes place (Fig. 1107). Occa- 
sionally division occurs earlier in the course of the nerve, in the substance of the 
psoas, and under these circumstances the two branches emerge separately from the 
muscle. In addition to the terminal branches there are some (¢) muscular twigs. 


a. The genital branch (n. spermaticus externus) obtains its fibres from the first lumbar 
nerve. Passing downward on the inner margin of the psoas magnus, it crosses the external 
iliac artery and bends forward toward the posterior wall of the inguinal canal. It then enters 
the canal either by piercing the infundibuliform or the transversalis fascia and, lying internal to 
and below the spermatic cord, traverses the canal and enters the scrotum (Fig. 1108). It sends 
a filament to the external iliac artery and supplies the cremaster muscle, the skin of the scrotum 
and the integument of the thigh immediately adjacent to the scrotum. In the female it is 
smaller and accompanies the round ligament of the uterus to the labium majus, to whose in- 
tegument it is distributed. It communicates with the ilio-inguinal nerve and with the spermatic 
plexus of the sympathetic. 

&. The crural branch (n. lumboinguinalis) consists of fibres from the second lumbar nerve. 
It courses down on the anterior surface of the psoas magnus, lateral to the genital branch and 
to the external iliac vessels, and enters the thigh by passing beneath Poupart’s ligament. One 
of its filaments traverses the saphenous opening, while the remainder of the nerve pierces the 
fascia lata to the outer side of the opening (Fig. 1107). Its branches vary considerably in size 
and length and are distributed to the cutaneous area of the upper anterior part of the thigh 
between the regions supplied by the external cutaneous and _ilio-inguinal nerves, sometimes 
extending downward as far as the middle of the thigh. It furnishes a minute branch to the 
femoral artery and inosculates with the middle cutaneous nerve. 

c. Muscular branches to the internal oblique and transversalis are frequently given off by 
the genital branch. 


Variations.—The genital and crural branches may arise as separate offshoots of the lumbar 
vlexus and either of them may be derived entirely from the first or the second lumbar nerve. 
he genital branch sometimes contains fibres from the twelfth thoracic. Absence of the genito- 
crural or of either branch may occur, the fibres of the genital branch being contained in the ilio- 
inguinal and those of the crural in the external cutaneous or the anterior crural. The_ genital 
branch may replace or reinforce the ilio-inguinal nerve; the crural branch may act. similarly 
toward the external or the middle cutaneous nerve. A specimen found in the anatomical labo- 
ratory of the University of Pennsylvania showed unusually extensive distribution of the crural 
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5. THE EXTERNAL CUTANEOUS NERVE. 


The external cutancous nerve (n. cutaneus femoris lateralis) (Fig. 1109) arises at 
the ‘posterior aspect of the lumbar plexus from the second and, to a less extent, the 
third lumbar nerve. It may arise from the first and second, from the second alone 
or may derive a majority of its constituent fibres from the third. It passes obliquely 
downward and outward beneath the lateral margin of the psoas magnus and over the 
iliacus muscle, through the iliac fossa, covered by the iliac fascia. After crossing the 
deep circumflex iliac artery it enters the thigh beneath Poupart’s ligament, mesial 
to the anterior superior spine of the ilium, and passes over, sometimes through or 
under, the pointed tendinous origin of the sartorius. The nerve then descends in 
the thigh beneath the fascia lata and soon divides into (a) an anterior and (6) a 
Posterior terminal branch (Fig. 1110). 


a, The anterior branch (r. anterior) follows a downward course in the thigh in a tubular 
canal in the fascia lata, from which it emerges at a point 10-15 cm. below the anterior superior 
iliac spine. It continues downward anterior to the vastus externus muscle and is distributed to 
the integument of the antero-lateral aspect of the thigh as far as the knee. Numerous collateral 
branches are given off, the majority of which arise from its lateral edge and supply the skin over 
the ilio-tibial band. The main trunk may extend quite to the knee and become a participant in 
the formation of the patellar plexus, 

6. The posterior branch (r. posterior) passes obliquely backward through the fascia lata 
and breaks up into several branches which are distributed to the integument over the tensor 
fascia femoris and the lower portion of the gluteal region. The uppermost filaments are crossed 
by twigs from the lateral cutaneous branch of the twelfth thoracic nerve. 


Variations.—The external cutaneous may be associated with the anterior crural until after 
Poupart's ligament has been passed. A branch of the genito-crural may replace the posterior 
branch. In one case a branch of the ilio-inguinal took the place of the external cutaneous. 

Three specimens found in the anatomical rooms of the University of Pennsylvania showed 
decided anomalies. In one the nerve passed beneath Poupart’s ligament at a point midway 
between the anterior superior spine of the ilium and the femoral artery. In another the nerve 
of the right side resembled in position the one just mentioned, while the left was apparently 
absent, its place being taken by a branch of the anterior crural. In the third the posterior 
branch emerged from beneath Poupart's ligament 5 cm. to the inner side of the anterior superior 
iliac spine. The anterior branch formed a common trunk with the external branch of the mid- 
dle cutaneous nerve. From the joint trunk a small branch passed to join the internal branch of 
the middle cutaneous after the latter had pierced the sartorius muscle. 


6. THE OptTuRAToR NERVE. 


The obturator nerve (n. obturatorius) (Fig. 1109) is composed of fibres which 
arise from the second, third and fourth lumbar nerves, the fourth supplying the 
largest and the second the smallest contribution, the latter sometimes being absent 
entirely. Occasionally additional roots are derived from the first and fifth lumbar 
nerves, and sometimes the nerve arises, in the high form of plexus, from the first, 
second and third lumbar nerves. 

The three roots having united in the substance of the psoas magnus, the nerve 
passes vertically downward and emerges, the only constant branch of the plexus to 
do so, from the mesial margin of the psoas muscle opposite the brim of the true 
pelvis. Lying posterior to the common and lateral to the internal iliac vessels, the 
obturator nerve courses along the antero-lateral wall of the pelvis below the ilio- 
pectineal line, above the obturator vessels and upon the inner surface of the pelvic 
fascia. It escapes from the pelvis through the obturator canal in the obturator mem- 
brane and divides into its terminal branches, either while still within the foramen or 
shortly after emerging from it. These branches are separated from each other first 
by the anterior fibres of the obturator externus muscle and later by the adductor 
brevis muscle. They supply the adductor muscles, the hip and knee joints and the 
integument of the mesial aspect of the thigh. 

Branches.—The obturator gives off: (a) a branch to the obturator externus 
muscle and then divides into its terminal branches, (6) the anterior and (c) the 
posterior, 
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6. The anterior branch (r. anterior), the more superficial, descends in front of the obturator 
externus and adductor brevis muscles and between the pectineus and the adductor longus. 
Having reached the interval between the adductores brevis and longus it separates into its 
terminal branches. 

Branches of the anterior division are: (aa) the urticudar, (66) the muscular, (ec) the 
cutaneous, (dd) the communicating and (ee) the vascudar. 

‘aa, The articular branch leaves the obturator at the inferior margin of the obturator 
foramen and passes through the cotyloid notch to supply the hip joint. 

66. The muscular branches supply the adductores brevis and longus and the gracilis. 

The branch to the adductor brevis enters the muscle near the upper margin of the anterior 
surface. 

The branch to the adductor longus enters the posterior surface of the muscle and some- 
times gives off the cutaneous branch of the obturator (see below). 

The branch to the graci/is passes inward behind the adductor longus and enters the deep 
surface of its muscle. 

cc. The cutaneous branch (r. cutaneus) (Fig. 1110) is variable in size and maintains an 
approximately even balance with the internal cutaneous branch of the anterior crural. Some- 
times arising from the nerve to the adductor longus, it becomes superficial in the middle of the 
thigh by passing between the adductor longus and the gracilis. It supplies the integument of 
the lower inner portion of the thigh and beneath the sartorius forms an inosculation with 
branches of the internal cutaneous and internal saphenous nerves, called the subsartorial or 
obturator plexus. 

dd, The communicating branches consist of twigs which unite in the pelvis with the accessory 
obturator nerve and in the thigh anterior to the capsular ligament of the hip joint with the 
anterior crural. 

ce. The vascular branch enters Hunter's canal along the mesial edge of the adductor longus 
and spreads out over the lower portion of the superficial femoral artery. 

c. The posterior branch (r. posterior), the deeper, pierces the anterior fibres of the 
obturator externus muscle and descends in the cleft between the adductores brevis and magnus, 
and in the latter situation splits into its terminal twigs. 

Branches of the posterior division are : (aa) the muscular and (66) the articular. 

aa, The muscular branches supply the obturator externus, the adductor magnus and the 
adductor brevis. 

The branch to the od/urator excternus is additional to the twig from the main trunk of the 
obturator which supplies that muscle. It arises from the posterior surface of the posterior 
division and enters the superficial surface of the muscle. 

The branch to the adductor magnus is associated with the branch to the knee and leaves 
the latter as the conjoint nerve passes through the substance of the adductor magnus. 

The branch to the adductor brevis enters the posterior surface of the muscle and is 
present only when the usual branch from the anterior division is absent. 

66, The articular branches are destined for the supply of the hip and knee joints. 

The branch to the Aip yoint consists of one or two fine twigs which pass beneath the 
pectineus to be distributed to the antero-median portion of the capsular ligament. 

The branch to the Ace joint or the geniculate branch continues the course of the pusterior 
division. Associated with the nerve to the adductor magnus, it courses down the anterior sur- 
face to the adductor magnus, which it pierces at the lower portion of the thigh. Here its muscu- 
lar fibres terminate in the adductor magnus while the articular portion enters the popliteal space. 
The nerve continues downward on the popliteal artery, to which it distributes filaments, and 
finally terminates by entering the knee joint through the posterior ligament. 


Variations.—In rare instances the root from the second lumbar nerve is absent. Branches 
are sometimes given off to the obturator internus and to the pectineus. Tiny branches have 
been found going to the obturator artery and to the periosteum of the pelvic surface of the os 
pubis. Ina cadaver dissected in the anatomical laboratory of the University of Pennsyl 
vania the obturator of the right side divided into the usual anterior and posterior branches, but 
both of them passed posterior to the adductor brevis. On the left side the normal arrangement 
was present. In another specimen in the same laboratory the branch from the main trunk to 
the obturator externus muscle lay to the outer instead of the inner side of the obturator nerve. 


7. THE ACCESSORY OBTURATOR NERVE. 

The accessory obturator nerve is an inconstant branch of the lumbar plexus, 
being found in 2g per cent. of the cadavers examined « Eisler). Its fibres arise from 
the third and fourth lumbar nerves, with an occasional root from the fifth ; it may be 
derived from the third alone. The roots of origin are situated between those of the 


anterior crural and the obturator, and the nerve may be intimately associated with 
either of these two, usually the former, 
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The accessory obturator courses downward mesial to the psoas magnus and 
beneath the iliac fascia, and leaves the pelvis by passing over the horizontal ramus of 
the pubes and under the pectineus. In the latter situation it breaks up into its 
branches, one of which (a) supplies the pectineus, another (6) the hip joint, while 
the third (c) inosculates with the anterior division of the obturator nerve. Some- 

times it is very small and its fibres pass only to the hip joint. By means of its in- 
osculation with the obturator some of its fibres may reach the adductores longus and 
brevis and gracilis muscies, as well as the integument of the inner region of the thigh. 


8. THE ANTERIOR CRURAL NERVE. 


The anterior crural or femoral nerve (n. femoralis) (Fig. 1108), the largest 
branch of the lumbar plexus, arises from the first, second, third and fourth lumbar 
Nerves. It passes obliquely downward and outward, posterior to the psoas magnus, 
and emerges from beneath the middle of the lateral margin of that muscle. Thence 
it Continues its course between the outer edge of the psoas and the mesial edge of the 
iliacus, covered by the iliac fascia, as far as Poupart's ligament, under which it passes 
to become an occupant of the anterior portion of the thigh. The nerve lies to the 
outer side of the external iliac and femoral vessels, in the abdomen being separated 
from them by the psoas magnus, but, as the thigh is reached, gradually nearing them 
until in Scarpa’s triangle the nerve lies in apposition to the femoral sheath. In 
the immediate neighborhood of Poupart’s ligament, the anterior crural nerve rapidly 
splits up into a number of 
Branches, which may be grouped into (6) a superficial division, principally 
Sensory, and (c) a deep division, mainly motor. In addition there are (a) branches 
arising from the main trunk. 


a, The branches from the main trunk consist of (aa) the muscular branches and (66) the 

Ners-e to the femoral artery. 

aa, The muscular branches supply the iliacus, the psoas magnus and the pectineus. 
The branches to the /racus consist of two to four filaments which arise in the abdomen, 

Pass outward and enter the inner margin of the iliacus muscle. 
£ The branch to the psoas magnus arises in the lower part of the iliac fossa and supplies the 
infz-Zor portion of that muscle. It may originate in common with the nerve to the femoral 
arteer-y, 

5 The branch to the pectineus leaves the anterior crural beneath Poupart's ligament, passes 
nw" =a rd posterior to the femoral vessels and enters the anterior surface of its muscle. 

z 66, The nerve to the femoral artery usually takes origin in the iliac fossa, but frequently 
anS«=-s higher, sometimes as a distinct branch from the third lumbar nerve. It accompanies the 
ant€= rior crural as far as Poupart's ligament, leaving the parent trunk at the lateral margin of 
the femoral sheath. At the ligament it gives off fine twigs which ramify over the posterior part 
of e femoral vessels, and from them tiny filaments pass to the middle of the thigh. Other 
WISE are distributed to the deep femoral artery and from this group a fine terminal thread 
tranre=rses the nutrient foramen of the femur, after supplying branches to the periosteum. 

6. The anterior or superficial division is mainly cutaneous in distribution. It supplies 
*MSory twigs to the anterior and mesial surfaces of the thigh and motor twigs to the sartorius. 

Branches of this division are: (aa) the middle cutaneous and (66) the infernal culancous, 

aa, The middle cutaneous nerve (rr. cutanei anteriores) (Fig. 1110) consists of two branches, 
a0 € xternal and an internal, both of which contain motor as well as ory fibres. 

. The external branch passes downward under the sartorius, to whi posterior surface are 
Reon off arow of fine twigs which enter the upper portion of the muscle. ‘The continuation of 

© merve pierces the sartorius at the junction of the upper and middle thirds, then pushes its 

“AY through the fascia lata and splits into fine filaments which supply the integument over the 

feCRuuas femoris as far as the knee. . 









The internal branch is sometimes united in the upper part of its course with the external, 
W Supplies twigs to the sartorius but seldom pierces that muscle, usually passing internal and 
anterior, This branch; like the external, is distributed to the anterior integument of the thigh 
a8 far down as the knee and frequently inosculates with the crural branch of the genito-crural. 


Variations.—Sometimes the middle cutaneous arises from the beginning of the anterior 
ral or from the lumbar plexus and replaces in toto or in part the crural branch of the 
&€Nito-crural. 
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66. The internal cutaneous nerve (rr. cutanei mediales) leaves the anterior crural in the 
neighborhood of Poupart’s ligament and descends in Scarpa’s triangle, at the apex of which it 
crosses obliquely the femoral vessels to attain their mesial side. It passes superficial to o1 
through the sartorius muscle and divides, either anterior or internal to the superficial femoral 
artery, into its terminal branches, the anterior and the posterior (Fig. 1110). 

Two or three branches are given off by the main trunk. One of these pierces the fasciz 
lata immediately below the saphenous opening and accompanies the internal saphenous veir 
down to the middle of the thigh, supplying the integument in its immediate vicinity. Anothe: 

branch pierces the fascia lata 
FIG. 1110, at about the middle of the thigt 
and supplies the skin of the 
antero-median aspect as fai 
down as the knee. These 
branches sometimes arise di- 
rectly from the anterior crural, 
. and not infrequently the nerve 
Communication be \ : : to the pectineus gives off a 
teeen ext. culineous: é > . 

and mkblle cutameuss 4 . branch which forms a loop at 
ee 1/ . the linner side of the femoral 
artery with a nerve which passes 

anterior to that vessel. 

The anterior branch 
pierces the fascia lata in the 
lower third of the thigh, de- 
scends in the neighborhood of 
Middle cuta- : | the tendon of the adductor 
neous nerve aa ne > < magnus and eventually passes 
Upper br. of int. cutaneous across the patella to reach the 


nerve Cor twigs from 


posterior beach} lateral region of the knee. It 


* 









From ext. 
cutaneous 
nerve 















From ext. cuta- 
neous herve 


eget ta CR supplies the skin in the vicinity 
CUeraton scree of the adductor magnus tendon 
Internal saphenous = and inosculates at the knee 
ves with a branch of the intemal 


saphenous nerve. 
The posterior branch con- 
J Anterior br, of imt,  tinues down beneath the pos- 
j cutaneous nerve terior edge of the  sartorius 
and becomes superficial by 
perforating the fascia lata at 
the mesial aspect of the knee. 
| From lower (posterior) Its ultimate filaments supply 
) br, int. cutaneous meTv€ the integument of the lowe: 
part of the inner side of the 
thigh and the upper portion of 
the leg. Before becoming su- 
Lower (posterior) br. Pperficial it inosculates below 
int. cutaneous nerve the middle of the thigh with 
Cutaneous patellar br, the obturator and internal 
int, saphenous nerve saphenous nerves to form the 
4 subsartorial or obturator plexus 
4] _-> Int. saphenous nerve (Fig. t109). At the knee and 
in the upper part of the leg 


—Tut, saphenous vein it again forms connections 
with the internal saphenous 
nerve. 


¢. The posterior or deep 
Superficial dissection of right thigh, showing cutancous nerves of inner division of the anterior crural 
rome upetne nt! long saphenous v is scen disappearing through saphe- nerve consists of a fasces of 
nerve-bundles which furnishes 
innervation to those muscles which comprise the quadriceps extensor femoris and terminates 
as the internal saphenous nerve. : 
Branches of this division are: (aa) the muscu/ar, (64) the articular and (cc) the 
internal saphenous. 
aa, The muscular branches | rr. musculares) supply the rectus femoris, the vastus externus, 
the crureus, the subcrureus and the vastus internus. 


Ri »~ 


(* 





Dissection of h, shor relat ural 
ot Sh erie ie aia rs ce 


femoral artery under cover of the sartorius muscle, At the apex 
's Hunter’s canal and accompanies the vessels therein contained as 
dductor magnus. Departing from the vessels at this point, the nerve. 
1 of Hunter's canal, continues a downward course between the vastus 


84 
‘ie 
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essential and Reena elements, the internal popliteal or tibial and the 
external popliteal or . Typically the sciatic divides into these two nerves 


in the lower part of the thigh ; very often, however, they are distinct from the outset, 
arising independently from the plexus, being separated in the great sacro-sciatic fora- 
men by the inferior fibres of the pyriformis muscle and passing through the thigh 
as contiguous but ununited structures, Moreover, even when the sciatic appears to 
bea single cord, dissection will reveal its duality in origin and course, The branches 
of the sacral plexus may be grouped as follows :— 7 


I. Collateral Branches. II. Terminal Branches. 
A. Anterior branches : A. Anterior branch: 
1. Muscular 5. External iteal 
2. Articular B, Posterior b ; 
B. Posterior branches : 6. Internal popliteal 
3. Muscular 
4. Articular 


COLLATERAL BRANCHES. 


The collateral branches comprise two sets, designated according to the 
portion of the plexus from which they arise as the an/ertor and the jor. 
The anterior collateral branches include: (1) the muscular branches and 
(2) the articular branches. 
Fic. 1113. 
Superior gluteal nerve, giving abr. to pyriformis Nerve to obturator internus and gemetius superior 














1 brs, of HI. and TV, sacral nerves 
. sacral nerve (ventral division) 


Coceygeal nerve (ventral division) 


Coccyg Pudie nerve; the small sciatic nerve is just in front 
Br. to levator ani Br, to sphincter ani, piercing levator ani 


Dissection of it half of pelvis, showin, | and pudendal pl H i 
righ pel “Lol Ape aud j paced al plexuses; section is not mesial, 


1. The muscular branches supply (2) the quadratus femoris, (4) the obtura- 
tor internus, the gemelli and (c) the hamstring muscles and the adductor magnus. 


a. The nerve to the quadratus femoris arises from the anterior surface of the upper portion 
of the plexus, its fibres coming from the fourth and fifth lumbar and first sacral nerves. It is 
frequently united in the first part of its course with the nerve to the obturator internus. Having 
traversed the great sacro-sciatic foramen it courses downward anterior to the great sciatic nerve, 


+ 
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d, The nerve to the short head of the biceps (Fig. 1115) apparently arises from the lateral 
margin of the upper part of the great sciaticnerve. The fibres comprising it can be traced back 
to the fifth lumbar and first and second sacral nerves, sometimes in combination with the roots 
of the inferior gluteal nerve. Leaving the great sciatic in the middle of the thigh, often as a 
trunk with the articular branch, it enters the substance of the short head of the biceps. 


Fic. 1114. 
\ 





Snedius 


‘Pyriformis 


Nerve! 


‘Tendon of obturator inter 


us 
fascte 
or gluteal 
nerve 
al minimas 
ake 





Deep dissection of right buttock, showing ragence of rea sciatic nerve below pyriformis muscle; also 
a Inoschlar branches sud posterior ivisions of sacral nerves” Oe 


4. The articular branches supply the knee and are usually two in number. 
The upper arises either in common with the nerve to the short head of the biceps or 
independently from the lateral portion of the great sciatic. Descending on the pos- 
ri Sate of the femoral head of the biceps it passes between the external condyle 
of the femur and the tendon of the biceps and supplies the lateral portion of the 
capsular ligament of the knee. The lower arises from the external popliteal nerve 
in the upper portion of the popliteal space and divides into two portions which 
supply the lateral and posterior portions of the capsular ligament of the knee. From 
the branch to the posterior part of the capsule is given off a tiny thread to the 
superior tibio-fibular articulation. 


TERMINAL BRANCHES, 


The terminal branches of the sacral plexus are the externa/ and the internal 
popliteal, and these are usually fused in the upper part of their course into the great 
sciatic nerve. 


Gluteus maximus 


Great scistic nerve 


Great sacro-sciatic ligament 
Small sciatic nerve 


Tuber ischii 


Great sciatic nerve 
Brs. to semitendinosus 


Adductor magnus 


Biceps, long head 


Semitendinosus 


Semimembranosus 


Br. to adductor magus. 


Br. to semimembrancosus 


Semimembranosus 


Popliteal artery 


Articular branch 


Popliteal vein 


Communicatis tibialis 
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THE GREAT Sciatic NERVE. 


The great sciatic nerve (n. ischiadicus ), the largest nerve of the entire human body, 
isa thick bundle of nerve-fibres derived from both the anterior and posterior portions of 


Fic, 1115. a 
































( — Gluteus medius 
Pyriformis 
Gemellus superior 


" = Obturator internus 
- Gemellus inferior 

Obturator externus 
Trochanter major 


Quadratus femoris 


_— Gluteus maximus 


Biceps, short head 
Int. popliteal nerve 


External popliteal nerve 


Articular branch 
Arygos articular branch 


Femur, popliteal surface 


} Muscular branches 


Gastrocnemius 





Communicans fibularis 





Deep dissection of posterior surtace of right thigh, showing great sciatic nerve dividing 
into external popliteal (peroneal) and internal popliteal (tibial) nerves. 


the sacral plexus (Fig. 1112). 


Properly it consists of two elements only, the ex- 


ternal and internal popliteal nerves, the former from the posterior and the latter 
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from the anterior portion of the plexus, its constituent fibres being derivatives of 
all of the spinal nerves contributing to the sacral plexus. Bound up with it and 
apparently integral-portions of it, are the nerve to the hamstring muscles and the 
nerve to the short head of the biceps. From within outward, the four components 
are arranged in the following order: the nerve to the hamstrings, the internal popli- 
teal nerve, the external popliteal nerve and the nerve to the short head of the biceps. 

Arising from the apex of the sacral plexus and proceeding as its direct continua- 
tion, the great sciatic leaves the pelvis through the greater sacro-sciatic foramen 
below the pyriformis muscle and above the gemellus superior. In the form of a thick 
flat trunk, about 1.5 cm. wide, it turns downward and lies anterior to the gluteus 
maximus and posterior to successively the gemellus superior, the tendon of the 
obturator internus, the gemellus inferior, the quadratus femoris and the upper portion 
of the adductor magnus, being accompanied in the upper part of its course by the 
sciatic artery and the arteria comes nervi ischiadici. Lying external to the nerve is 
the great trochanter and internal to it is the tuberosity of the ischium (Fig. 1115). 
Entering the thigh by emerging from beneath the gluteus maximus, the nerve lies under 
cover of the hamstrings and at a varying position in the thigh it splits into its terminal 
divisions: (5) the external popliteal and (6) the internal popliteal. As previously 
stated (page 1332), these nerves may be separate from their origin. 


5. THE EXTERNAL POPLITEAL NERVE. 


The external popliteal or peroneal nerve (n. peronaeus communis) (Fig. 1115) 
is homologous with the musculo-spiral of the upper extremity. It comprises fibres 
derived from the posterior portions of the fourth and fifth sacral and first and second 
lumbar nerves. Asa part of the great sciatic, it follows the course in the thigh just 
described and after the bifurcation of the sciatic enters the popliteal space as an inde- 
pendent nerve. In the upper part of the popliteal space it lies beneath the biceps and 
later inclines gradually outward between the tendon of the biceps and the outer head 
of the gastrocnemius. Passing over the latter, it reaches the under surface of the 
deep fascia posterior to the head of the fibula, 2-3 cm. below which it divides into its 
terminal branches. 

Branches of the external popliteal nerve are : the cu/ancous and the terminal. 


The cutaneous branches are: (a) the sura/ and (6) the peroneal communt- 
cating. 


a, The sural branch (n. cutaneus surae lateralis) (Fig. 1119) consists of one or more, 
usually two, filaments which arise in the popliteal space, frequently in common with the peroneal 
communicating nerve. Becoming superficial by piercing the deep fascia overlying the outer 
head of the gastrocnemius, it is distributed to the integument of the upper two thirds of the 
lateral aspect of the leg. Its degree of development is in inverse ratio to that of the small sciatic 
and short saphenous nerves. 

6. The peroneal communicating nerve (r. anastomoticus peronacus) (Fig. 1119), also 
called the #. communicans fibularis, is larger than the preceding. [-eaving the peroneal in the 
popliteal space, often in combination with the sural nerve or nerves, it descends beneath the 
deep fascia and over the lateral head of the gastrocnemius to the middle of the leg. Here it is 
usually joined by the tibial communicating branch from the internal popliteal and the joint trunk 
so formed (Fig. 1125) is called the external or short saphenous nerve (page 1342). 


The terminal branches comprise: (a) the recurrent articular, (6) the 
anterior tibial and (c) the musculo-cutaneous. 


a, The recurrent articular or recurrent tibial branch (Fig. 1116) is the smallest of the three. 
Given off a short distance below the head of the fibula it passes forward under the peroneus 
longus and the extensor longus digitorum, courses upward in the musculature of the tibialis 
anticus and divides into filaments which supply the upper fibres of the tibialis anticus, the 


anterior portion of the knee joint, the superior tibio-fibular articulation and the periosteum of the 
external tuberosity of the tibia, 


6. THE ANTERIOR TIBIAL NERVE. 


The anterior tibial nerve (a. peronaeus profundus) originates below the head of 
the fibula in the interval between the peroneus longus and the fibula. After winding 
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externally around the head of the fibula beneath the peroneus longus, the extensor 
proprtius hallucis and the extensor longus digitorum it reaches the anterior aspect of 


Fic. 1116, 





















_ Head of fibula 

Peroneal nerve 

Recurrent tibial branch 

Branch to extensor longus digitorum 


Extensor longus 


Anterior tibial artery 
Anterior tibial nerve 


Musculo-cutaneous nerve 


Peroneus longus, laid open 


Tibialis anticus 


Extensor longus digitorum Muscular branch to peronei 


Peroneus brevis 


Extensor longus ballucis— 


Wwe! branch of muscukcutaneous: 


External branch of musculo-cutaneous 
Anterior tibial nerve 


Articular branch 
Extemal branch 


Extensor brevis 


digitorum Peroneus longus tendon 


Peroneus brevis tendon 


Origin of extensor brevis digitorum 


~ —~~External saphenous nerve 


Dissection of antero-lateral surface of left leg and of dorsum of foot, showing anterior 
tibial and musculu-cutaneous nerves. 


g- Lying on theanterior surface of the interosseous membrane it joins the 
or tibial vessels 8-12 cm. below its origin and accompanies these vessels 
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and second and third sacral nerves. ae the pelvis through the greater 
sacro-sciatic foramen below the pyriformis, ing throng: ths the gluteal region 
and upper part of the | Seta ttie nner por on the great sciatic nerve, it becomes 
an independent trunk at the point of cation of the sciatic, from 
beneath the hamstring muscles and Seen vertically through the e of the 


i 
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Extensor proprius 
hallucis tendon 


Internal saphenous nerve 


Tibialis anticus tendon 


Metatarsal branches of external. 


division of anterior tibial nerve 
Extensor brevis digitorum 

Internal division 
of musculo- 

External saphenous nerve pe aero 

J terior 
Digital branches of external 7 i = nerve—internal 
division of musculo- —=2S ’ mm . Deen : 


cutaneotis nerve 


Dissection of dorsum of right foot, showing distribution of anterior tibial, musculo-cutancous, and internal and 
external saphenous nerves. 


teal space, it gradually attains the inner side of the popliteal vessels, crossing 

them rsupeyically from without inward, In the lower part of the space the nerve 

lies posterior to the popliteus muscle and anterior to the plantaris and the gastroc- 

nemius. At the lower border of the popliteus muscle the internal popliteal becomes 
the posterior tibial nerve (Fig. 1119). 
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Branches of the internal popliteal are: (a) the articudar, (6) the muscular, 


Co) the cutaneous and (d) the posterior tibial. 


Fic. 1119. 



























Tiloial (internal popliteal) nerve 
Peroneal (external popliteal) nerve 


Superior external articular nerve 


Superior internal articular nerve Thceps tendon 


Arygos articular nerve 


Plantaris muscle 


Est. head of yast 
Tibial communic: 
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oe tl bee tit 
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i aiieune seeds Peroneal communicating 


Muscular branch 


‘Tiblalis pesticus 
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Flexor longus digitorum Tibialiy poaticus 


Posterior tibial nerve 
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Posterior tibial artery 


Fiesor longus ballucts 





1 Peronews longus 
Peronevs Wirevis 


Internal calpanean branch 
Articular branch 


Tibialis posvicus tendon Temas Achittte 
Inner oe eee 
Absluctos liatiiacis_____ 
External plantar errs : 


Internal plantar nery= 


juctor hallucis and faecta — 
Abdi lucis aired fawela Flewor brevis digitorum, cur 


Dissection of the posterior surface of right leg, showing posterior tibial nerve and its 
branches and part of peroneal nerve. 


a, The articular branches (rr. articulares) supply the hip and knee joints. 


The 


%e destined for the hip has been described on page 1333. The branches to the knee are of 
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the tibia and the deep leg muscles and posteriorly lie the soleus and gastrocnemius 
in the upper part of the leg. Above the ankle the nerve becomes superficial, and is 
covered only by integument and the fascie. Owing to the inward inclination of the 
posterior tibial vessels the nerve, while pursuing a straight course, changes its rela- 
tie position to the vessels, in the upper part of the leg lying to the inner side, lower 
dowen behind and above the ankle attaining the outer aspect of the vessels (Fig. 
1r 21). Passing posterior to and then below the internal malleolus, the posterior 
tibazal nerve divides, under cover of the internal annular ligament, into its terminal 
brzamches, the internal and the external plantar. 


Fic 1120. 
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Aeptemal calcanean brancti 


of posterior tibial nerve 
External saphenous nerve 


Digital branches of 
internal plantar HETVE 


~ Digital branches of external plantar 
nerve 


Superficial dissection of right foot, showing cutaneous nerves on plantar surface. 


Branches of the posterior tibial nerve are: (aa the muscular, (6b) the iiternal 
< nean, (cc) the articular, (dd) the internal plantar and vee the eaternal plantar. 


flex, 2: The muscular branches (rr. musculares) supply the tibialis posticus, the soleus, the 
‘> longus hallucis and the flexor longus digitorum. 
lon The nerve to the “dialis posticus supplies that muscle and sends a branch to the flexor 
as digitorum and one to the lower part of the soleus. At the posterior aspect of the tibialis 
et Cus it giver off a long slender branch which accompanies the peroneal artery nearly to the 
ie Ven, supplying twigs to the artery, to the periosteum of the fibula and a branch which enters 
Nutrient canal of the fibula. 
abo The nerves to the fe.rores longus hallucis and longus digitorum \eave the posterior tibial 
‘at the middle of the leg and pass directly to their muscles. 
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Superficial Sanction ol right RE and thigh, showing cutaneous 


any pudic between the ligament and the gluteus 
meazed by j-branch ot the small sciatic’ oeby& nervescalled by Blaler. 
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the 4. perforans coccygeus major, which arises from the third and fourth or fourth 
fifth sacral and pierces the coccygeus muscle. 


Fic, 1125. 
















From obturator nerve 


From internal cutaneous 


From small sciatic nerve 


Internal saphenous nerve 


Small sciatic nerve 


‘Sural from peroneal nerve 
Peroneal communicating 


Part of sural branch 


Tibial communicating 


External saphenous nerve 


Inner malicolus 


External calcanean braces 


Anterior branch of ext, saphenous 


Cutaneous nerves of posterior surface of right leg. 

4. THE SMALE Scratic NERVE. 
The small sciatic nerve (nm. cutaneus femoris posterior) (Fig. 1114) isa pr 
sensory structure. It originates from the back of the first, second and third 























Perforating cutaneous nerve and @ branch of TV. sacral nerve 


of male ineum, showing distribution of pudic nerve; on left side of body Colles’ fascia has bee 
w superficial perineal interspace ; dorsal nerve of penis is seen in deep interspace on right side, 


muscle. Piercing the inferior layer of the triangular ligament and the suspensory ligament of 
the penis it reaches the dorsum of the penis, along which it courses as iar as the glans. It 
ives off the nerve fo the corpus cavernosum, which pierces the triangular ligament and supplies 
erectile tissue of the crus penis and corpus cavernosum. The main nerve innervates the 
anterior two thirds of the penis, including the glans, and sends off ventral branches which pass 
around to the under surface of the organ. 

The dorsal nerve of the clitoris (n, dorsalis clitoridis)( Fig. 1128), while much smaller than 

the dorsal nerve of the penis, has a corresponding course and distribution. 
The dorsal nerve of the penis or clitoris communicates with the inferior pudendal branch 


of the small sciatic. 


_ Variations.—The pudic may receive a root from the fifth lumbar, in the high form of plexus, 
from the fifth sacral is described by Henle. The inferior hemorrhoidal may pierce either 
eat or the small sacro-sciatic ligament, and the former of these ligaments may be perforated 


lateral superficial perineal nerve. 


i | 
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nst and General Arrangement.—The sympathetic system serves 
e, rearrange and distribute the visceral filaments of the cerebro-spinal nerves, 


Fic. 1130. 








Dissection showing right gangliated cord of sympathetic and its branches, 


and to | Sesh by the interposition of one or more of its especial neurones, the 
path for the impulses brought by such fibres to the objective organs, It comprises 
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spore e erite. hekem pasaing) cistelly/to- Sheiwuitiouls, anlentniae aa 
The white fibres are either spinal splanchnic efferent or afferent fibres. 

The branches of distribution from the gangliated cord include the somatic 
and the viscera/. The somatic branches are the rami communicantes ; the vis- 
ceral branches comprise the splanchnic efferents, which consist of both white and 
gray efferent fibres, as well as the white splanchnic afferents. 


THE CERVICO-CEPHALIC PORTION OF THE GANGLIATED CORD, 


The ceryico-cephalic portion of the gangliated cord (pars cephalica et cervicalis 
systematis sympathetici) consists of a series of ganglia, usually three, but often only 
two, connected by composite association cords (Fig. 1131). It lies posterior to the 


Fic. 1131. 





of 1 rib 
Claviculas facet of ternum 


Deep dissection of neck, showing cervical portion of sympathetic gangliated cord and its connections, 


carotid sheath and anterior to the prevertebral fascia and the rectus capitis anticus 
major and scalenus anticus muscles, Inferiorly it is continued into the thoracic 
portion of the gangliated cord, and superiorly, at the base of the skull, it forms an 
intricate plexus around the internal carotid artery, in whose company it enters the 

















THE SYMPATHETIC SYSTEM OF NERVES. 1363 


1. The vertebral plexus (plexus vertebralis) is a closely woven net-work of 
— follows the course and distribution of the vertebral artery in the neck 
cranium. ‘ 






EX. thoracic : immedi- . ee yy 
ately below it is the XII. _~ 5 ‘Small splanchnic nerve 
XIE rib we Semilunar ganglion and 
Diaphragm - 80! Loan 
I, jambar ganglion 


Dissection showing thoracic, lumbar and sacral portions of right gangliated cord and their branches. 


2. The inferior cervical cardiac nerve (n. cardiacus inferior) (Fig. 1132), 
sometimes arising from the first thoracic ganglion, descends in the thorax posterior to 
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i superior mesenteric artery. —_Itis 
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~~ Fic. 1136. 
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Dissection of abdominal syinpathetic nerves, showing solar, hypogastric and secondary plexuses. 


renal plexuses, below with the superior mesenteric and aortic plexuses and, by 
means of the aortic and hypogastric plexuses, with the two pelvic plexuses. Con- 
tributory to it are the right vagus and the great and small splanchnic nerves. The 
fully formed plexus consists of two portions: (1) the semilunar ganglia and (2) 
the caliac plexus. 
iL The semilunar ganglia (gg. coeliaca) (Fig. 1136), the largest of the 
‘elements in the solar plexus, are situated upon the crura of the diaphragm 
i superior and lateral portions of the plexus, partly overlapped by the suprarenal 
patiersed Separated from each other by the ceeliac axis and the superior mesenteric 
artery ; the nght one is partially covered by the superior vena cava and the two are 


— | | ‘ 





>| 








1372 HUMAN ANATOMY. 


The s: ee Sonn ere See ee ne plgainen eee ~ 
5» through the abdomen, inguinal canal and scrotum, inosculating with fi 
h arise in the pelvis and accompany the vas deferens and its artery saiiie 
scrotum. It is derived from the renal and aortic plexuses, a small gang- 
lion being situated at the point of origin of the fibres contributed by the aortic plexus. 
The ovarian plexus (plexus ovaricus), arising similarly to the sperm 
panies the ovarian artery and is distributed to the ovary, the the 
t_and the uterus. In the broad ligament it inosculates with those 
pelvic fibres which constitute the uterine plexus. 


Fic. 1139. 





Dissection showing hepatic and superior mesenteric plexuses; transverse colon has been turned up, 


The superior mesenteric plexus (plexus mesentericus superior) (Fig. 1139), 
firm in texture and containing a large admixture of medullated fibres, is continuous 
with the coeliac plexus above and with the aortic below. _ Its fibres are derived from 
the semilunar ganglia, the cceliac plexus and the right vagus. Situated in the root 
of the ner i and lying below and to the right of the origin of the superior mesen- 
be cist is the superior iiesanteric’ ganglion (g. mesentericum superius), 

a number of the fibres of the plexus arise. Accompanying the su 
pwaeniede artery, the plexus gives off subdivisions which correspond to and 
the course of the es of that artery, supplying filaments to the small intestine, 
the caecum, the vermiform appendix and the ascending and transverse colons. As 

















DEVELOPMENT OF PERIPHERAL NERVES. 1379 


The neuroblasts of the facial constituent, the geniculate ganglion, send their centrally directed 

Processes to the brain-stem as the pars intermedia, whilst their peripherally growing dendrites 

Contribute the sensory fibres, passing by way of the chorda tympani and the greater and lesser 

*Uperficial petrosal nerves. The geniculate ganglion and the pars intermedia correspond, 
fore, to a dorsal root. 

_ The auditory nerve, although for a time closely related in position (Fig. 1103) with the 
facial (geniculate) ganglion, developes entirely independently and at no time has more than an 
incidental relation. The primary auditory nucleus is defined in human embryos by the begin- 
ning of the fourth week as an elongated ellipsoidal mass in contact with the anterior wall of the 
Otic vesicle. According to Streeter', the nucleus very shortly exhibits a differentiation into 
a superior and an inferior part, from the latter of which soon appears a third portion. This 
third portion, the later ganglion spirale, early manifests a tendency to coil in consequence of 
ra close relations with the 

uctus  cochlearis, The - 
major part of the primary PiGe Ts 
acousiic complex, including 
the superior and most of 
the inferior part, becomes 
the vestibular ganglion, 
from the neuroblasts of which 
centrally directed axones 
Pass to the young brain- 
stem as the vestibular nerve, 
while the dendrites become IX. root gang. 
connected at certain places 
with the semicircular canals, 
the utricle and the saccule. 
 Srouping of the vestibular 
fami seen in the adult is early 
foreshadowed in the develop- 
mg merve, since from the 
upper part of the vestibular 
Baglion grows out the su- 
Penor division of the vestib- ~ 
ular nerve which, supplies N. laryg. sup. —~ 
the utricle and the ampulle y 
the superior and external — XI. with r, descend.” 
SMicircular canals (Fig. 
lo7O). The lower part of the 
faNglion, in addition to fur- 
Nishing the anlage for the 
Cochlear nerve, gives off the 
inferior division of the vestib- 
var nerve, by which the 
‘Sule and the posterior 


Vagus root gang. Accessory root gang. 







Gang. nodos,— 


Sympathetic 


Ps Mal are supplied. During Vagus 
St < Subsequent growth of the Reconstruction of peripheral nerves of human embryo of five weeks 
Tactures, the neurones of (14 mm.) 13. ( Streeter.) 


spiral ganglion send ax- 


oO ° : : ‘ ‘ . 
ing towards the brain which become the cochlear nerve, whilst their dendrites-grow peripherally 
cel). the ductus cochlearis and are represented by the minute filaments extending from the 


Is of the spiral ganglion to the auditory cells of Corti’s organ. 
Mo, The glosso-pharyngeal nerve is a mixed nerve and has, therefore, a double origin. Its 
t hotor fibres arise from neuroblasts situated in the dorsal part of the ventral zone of the wall of 
tha hind-brain just posterior to the otic vesicle. The sensory part of the nerve, along with 
tw. © of the vagus, offers greater complexity, since it is developed, as shown by Streeter?, from 
sources. The ganglion of the root (g. superius or jugular ganglion) arises very early as 
Small mass of cells derived from the ganglion-crest of the hind-brain. It varies in size and 
Ta ceases to grow, which behavior, in connection with the preponderating ingrowth of the 
tor fibres, accounts for the well-known inconstancy of the structure. The ganglion of 
rey. trunk (g. petrosum) arises, according to Streeter, not from the neural crest, but in 
—— tion with the ectoblast of the second visceral furrow. At first ununited with the smaller 
®Aglion superius, the ganglion of the root subsequently becomes joined to it, the two nodes 


' Amer. Jour. of Anatomy, vol. vi., 1907. 
2 Amer. Jour. of Anatomy, vol. iv., 1904. 
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HUMAN ANATOMY. 


epidermis. The amount of skin-pigment not only differs permanently among races 





(white, yellow and black) and indi- 


Fic. 1144. viduals (blond and brunette), but 


also varies in the same person with 
age and exposure, as contrasted by 
the rosy tint of the infant and the 
bronzed tan of the weather beaten 
mariner. 

Unless bound down to the 
underlying tissues, as it is over the 
scalp, external ear, palms and soles, 
the skin is freely movable. Its 
physical properties include con- 
siderable extensibility and marked 
elasticity. By virtue of the latter the 
temporary displacement and stretch- 
ing produced by movements of the 
joints and muscles is overcome and 
the smoothness of the skin, so con- 
spicuous in early life, is maintained. 
With advancing age the elasticity 


Imprint of dorsal surface of left hand near ulnar border; becomes impaired and folds are no 


radiating lines are produced by creases connecting points at 


which hairs emerge. 


longer effaced, resulting in the perma- 
nent wrinkles seen in the skin of old 


people. Certain folds and furrows, however, are not only permanent and ineffaceable, 
appearing in the foetus, but are fairly constant in position and form. One group, 


produced by flexion of the joints, includes the conspicu- 
ous creases on the flexor surface of the wrist, palm and 
fingers, and the similar markings on the soles of the feet. 
The other group, more extensive but less striking, 
includes the fine yrooves that connect the points of 
emergence of the hairs and cover the trunk and extensor 
surface of the limbs with a delicate tracery (Fig. 1144). 

The surface modelling of the skin covering the 
palms, soles and flexor aspects of the digits is due to 
the disposition of numerous minute ridges (cristae cutis ) 
and furrows (sulci cutis). The cutaneous ridges, about 
.2 mm. in width, correspond to double rows of papilla 
which they cover, the sweat glands opening along the 
summit of the crests. The patterns formed by the 
cutaneous ridges (Fig. 1145) remain throughout life 
unchanged and are so distinctive for each individual 
that they afford a reliable and practical means of identi- 
fication. In addition to the various longitudinal, trans- 
verse and oblique ranges of ridges that cover the greater 
part of the hand, groups of concentrically arranged 
ridges occupy the volar surface over the distal phalanges, 
the pads between the metacarpo-phalangeal joints and 
the middle of the hypothenar eminence. These highly 
characteristic areas, the so-called tactile pads (toruli 
tactiles) are most strikingly developed over the bulbs 
of the fingers, where the ridges are often disposed. in 
whorls rather than in regular ovals. The markings of 
corresponding: areas of the two hands are symmetrical 
and sometimes identical. 

Structure.—The two parts of which the skin is 
everywhere composed-—the epidermis and the connec- 
tive tissue stratum—are derivatives of the ectoblast and 


Fic. 1145. 





Imprint of palmar surface of left 
middle finger, showing arrangement 
of cutaneous ridges; transverse in- 
terruptions are produced by flexion 
creases over joints. 


of the mesoblast respectively. The connective tissue portion includes two layers, 











THE SKIN. 1383 


the /e/a subcutanea, which, however, are so blended with each other 
hout sharp demarcation. a 
sorium or derma, the more superficial and compact of the ——s 
, lies immediately beneath the epidermis from which it is always we 
With the exception of within a few localities, as over the forehead, external 
perineal raphe, the outer surface of the corium is not even but beset with 
, tidges, or papille, which produce corresponding modelling of 
surface of the overlying epidermis. The pattern resulting from these eleva- 
varies in different regions, being a net-work with elo meshes over the 
and front of the trunk, with more regularly polygonal fields over the extremi- 


Fic, 1146. 


Fic, 1147. 





es and with small irregular meshes on the face (Blaschko). The best developed 
Papillee are on the flexor surfaces of the hands and feet, where they attain a height 
of .2 mm. or more and are disposed in the closely set double rows that underlie the 
cutaneous ridges on the palms and soles above noted. The papilla afford favorable 
positions for the lodgement of the terminal capillary on and the special organs of 
touch and are accordingly grouped as vascular and tactile. . 

In recognition of the elevations, which in vertical sections of the skin appear 
as isolated projections, the corium is subdivided into an outer papillary stratum 
(corpus papillare), containing the papilla, and a deeper reticular stratum (tunica 
propria), composed of the closely interlacing bundles of fibrous and elastic tissue 
that are continued into the more robust and loosely arranged trabeculae of the tela 
subcutanea. These two strata of the corium, however, are so blended that they 
pass insensibly and without definite boundary into each other. Although composed 
of the same histological factors—bundles of fibrous tissue, elastic fibres and con- 
nective tissue cells—the disposition of these constituents is much more compact in 
the dense reticular stratum than in the papillary layer, in which the connective 
tissue bundles are less closely interwoven. While the general course of the fibrous 
bundles within the corium is parallel or oblique to the surface, some strands, 
continued upward from the underlying subcutaneous sheet, are vertical and 
‘traverse the stratum reticulare either to bend over and join the horizontal bundles 
or to break up and disappear within the papillary stratum. The elastic tissue, 


i 
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beneath the bases of the papilla. The latter are supplied by the terminal twigs 
ascend vertically from the subpapillary net-work and break up into capillary 
that occupy the papillae and lie close beneath the epidermis (Fig. 1153). W 
exception of the loops entering the hair-papill, the capillaries enclosing thi 
follicles arise from the subpapillary plexus. 

The arrangement of the cutaneous ve/zs, more complex than that of the a 
includes four plexuses (retes venosum) lying at different levels within the coriu 

extending parallel 
FIG. 1153. surfaces. The fin 
most superficial « 
formed by the ur 
the radicles returni 
blood from the p 
The component ve 
below and parallel 
rows of papillae ai 
mediately _beneat! 
bases of the latte 
Papillary @ Slightly lower le 
loops the deeper part « 
stratum papillare, 1 
nous channels proc 
from the subpapilla 
work join to forma 
plexus with — pol 
meshes. A third 
about the middle 
corium, while the 
shares the positi 
the subcutaneous : 
plexus at the junc 
the corium and sub 
strata. The deepest 
receives many ¢ 
radicles returnir 
blood from the fi 
the sweat glands, ° 
mainder being tri 
to the veins accon 
ing the larger a 
as they traverse t] 
subcutanea. 

The /vmphat 
the skin are well 
sented by a close 
ficial plexus with 
papillary stratum 
corium into whic 


Epidermis 


Corium 


Tela subcutanea 





Section of injected skin, showing general arrangement of bloud-vessels. + 40. terminal lymph-rad 

the papillae empty. 
relation of these channels to the interfascicular connective tissue spaces is on 
of indirect communication, since the lymphatics are provided with fairly cor 
endothelial walls. tis probable that the lymph-paths within the papillze are « 
related to the intercellular clefts of the epidermis, according to Unna, indeed, 
communications existing. Migratory leucocytes often find their way into the 
where they then appear as the irregularly stellate ce//s of Langerhans seen be 
the epithelial elements. A wide-meshed deep plexus of lymphatics is formed 
the subdermal layer, from which the larger lymph-trunks pass along wit 
subcutaneous bluod-vessels. 
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The numerous nerves within the highly sensitive integument are chiefly the 
peripheral processess of sensory neurones which terminate in free arborizations between 
the ephithelial elements of the cuticle, or in relation with special endings located, for 
the most part, within the corium or subdermal connective tissue. Some sympathetic 
fibres, however, are present to supply the tracts of involuntary muscle that occur within 
the walls of the blood-vessels or in association with the hairs and the sweat glands. 

On entering the skin the medullated nerves traverse the subdermal layer, to 
which they give off twigs in their ascent, and, passing into the corium, within the 
papillary stratum divide into a number of branches. Those destined for the epidermis 
berreath the latter break up into many fibres which, losing their medullary substance, 
enter the cuticle and end in arborizations that ramify between the epithelial cells as far 
as the outer limits of the stratum germinativum. The ultimate endings of the fibrilla, 
whether tapering or slightly knobbed, always occupy the intercellular channels and are 
nev-er directly connected with the substance of the epithelial elements. According to 
Merkel, special factile -cells, (Fig. 1016) occur in the human epidermis, particularly 
over the abdomen and the thighs. These cells, spherical or pyriform in shape and 
com posed of clear cytoplasm, occupy the deeper layers of the cuticle and, on the side 
directed towards the corium, are in contact with the end-plate or meniscus of the nerve. 

The nerve-fibres particularly concerned with the sense of touch terminate within 
the connective tissue portion of the skin, either within the corium in special end-organs 
—the tactile bodies of Meissner, the end-bulbs of Krause, the genital corpuscles and 
the end-organs of Ruffini, or within the subdermal layer in the Vater-Pacinian cor- 
Pus<les, or their modifications, the Golgi-Mazzoni corpuscles. The structure of these 
Sp@< ial end-organs is elsewhere described (pages 1018, 1019), their chief locations 

rag here noted. 

Meissner’s corpuscles (Fig. 1017) are especially numerous in the tactile 
cus Faions on the flexor surface of the hands and feet. While much more plentiful in 
all the tactile pads than in the intervening areas, the touch corpuscles are most 
aba wadant in those on the volar surface of the distal phalanges, where they approxi- 
mate twenty to the square millimeter (Meissner). Their favorite situation is the 
ap= > of the papilla, where they appear as elongated elliptical bodies, sometimes in 
Pars, whose outer pole lies immediately below the epidermis. These corpuscles are 
aditionally, although sparingly, distributed on the dorsum of the hand, the flexor 
surfzace of the forearm, the lips, the eyelids, the nipple and the external genital organs. 

The Vater-Pacinian corpuscles (Fig. 1018) are well represented in the hands 
andl feet and usually occupy the subdermal tissue, although sometimes found within the 
coraxam. Their distribution corresponds closely to that of Meissner's corpuscles, they 

Tag most numerous beneath the tactile cushions in the order above described. 
. The Golgi-Mazzoni corpuscles are modifications of the Pacinian bodies and, 
like the latter, are found within the subdermal tissue. 

The end-bulbs of Krause (Fig. 1016) occur within the corium, either slightly 
below or within the papilla, on the lips and external genital organs, as well as 
Probably in other regions. 

The genital corpuscles (Fig. 1017) lie within the corium of the modified skin 
COwe=ring the glans penis and the prepuce and the clitoris and surrounding parts of 
the mymphe. 

The end-organs of Ruffini resemble the sensory terminations in tendons 
(Pagre 1017) and lie within the deeper parts of the corium, often associated with the 

aa mian bodies. 
4 The mode of ending of the nerves supplying the hairs and sweat glands will be 
S< wibed in connection with those structures (pages 1394, 1400). 


THE HAIRS. 


The appendages of the skin—the hairs, nails and cutaneous glands—are all 
SPECializations of the epidermis and are. therefore, exclusively of ectoblastic origin. 
. The hairs (pili) are present over almost the entire body, the few localities in 
which they are absent being the flexor surface of the hands and feet, the extensor 
asPect of the terminal segment of the fingers and toes, the inner surface of the 
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means always, in harmony with the degree of general pigmentation. The latter is 
commonly uniform throughout the length of the hair, but in rare cases it may be so 
wariable that the shaft presents a succession of alternating light and dark zones 
CBrunn). The straight and curly varieties of hair depend chiefly upon differences in 
the curvature of the follicle ' and the form of the hair. In the case of straight hairs 
the follicle is unbent and the shaft is cylindrical, and therefore circular in cross- 
section ; hairs that are wavy or curly spring from follicles more or less bent and are 
flattened or grooved, with corresponding oval, reniform, irregularly triangular or 
indented outlines when transversely cut. 

Arrangement of the Hairs.—Since the buried part of the hair, the roof, is 
never vertical but always oblique to the surface of the skin, it follows that the free 
part, the sha/?, is also inclined. The direction in which the hairs point, however, is 
by no means the same all over the body, but varies in different regions although 
constant for any given area. This disposition depends upon the peculiar placing 
of the hair-roots which in certain localities incline towards one another along 
definite lines, an arrangement that results in setting the shafts in opposite directions. 
As these root-lines are not straight but spiral, on emerging from the skin the hairs 
oe in whorls (vortices pilorum), the position and number of which are fairly 

lefinite. 


Such centres include: (1) the conspicuous verte.r whor/ on the head, usually single but 
Sometimes double ; (2) the facial whorls surrounding the openings of the eyelids; (3) the 
@urrcular whorls at the external auditory meatus ; (4) the aai/ary whor/s in the armpits ; and 
(S) the inguinal whorls, just below the groin ; additional (6) but less constant /ateral whorls 
May be located, one on each side, about midway between the axilla and the iliac crest and 
somewhat beyond the outer border of the rectus muscle. 

These whorls, all paired except the first, apportion the entire surface of the body into 
certain districts, each covered by the hairs proceeding from the corresponding vortex. The 
whorl-districts, moreover, are irregularly subdivided into secondary areas by lines, the hair- 
fanges (flumina pilorum), along which the hairs diverge in opposite directions. Additional lines, 

‘© converging hair-ranges, mark the meeting of tracts pointing in different directions and in 
Places also assume a spiral course. In consequence of these peculiarities the body is covered 
with an elaborate and intricate hair-pattern, that is most evident on the fa-tus towards the close 
of gestation ; later in life the details of the pattern are uncertain owing to its partial effacement 
by the constant rubbing of clothing. 


Structure.— Each hair consists of two parts, the sha/f, which projects beyond 
the surface, and the roof, which lies embedded obliquely within the skin, the deepest 
Part of the root expanding into a club-shaped thickening known as the éu/b. The 
foot is covered with a double investment of epithelial cells, the inner and outer roof- 
sheaths, which, in turn, are surrounded by a connective tissue envelope, the theca. 

entire sac-like structure, consisting of the hair-root and its coverings, constitutes 
the hair-follicle (folliculus pili). At the bottom of the latter, immediately beneath 

bulb, the wall of the follicle is pushed upward to give place to a projection of 
“nnective tissue, the hatr-papilla, which carries the capillary loops into close relation 
with the cells mdst active in the production of the hair. Save in the case of the 
tnest hairs (lanugo), which are limited to the corium, the hair-follicles traverse the 
tex and end at varying levels within the fat-laden subdermal layer (panniculus 
4UB<ysus). In a general way the follicle may be regarded as a narrow tubular invagi- 
Malm of the epidermis, at the bottom of which the hair is implanted and from the 
‘trance of which the shaft projects. The most contracted part of the follicle, the 
nbd lies at the deeper end of the relatively wide funnel-shaped entrance to the sac. 
Rely associated with the hair-follicle, which they often surround, are the sebaceous 
£9 >eds that pour their oily secretion at the upper third of the follicle into the space 
Ween the shaft and the wall of the sac. 

‘The Hair-Shaft.—In many thick hairs, but by no means in all, three parts 
¢ distinguished—the cuticle, the cortex and the medul/la, The latter, however, 
S"Sxaally wanting in hairs of ordinary diameter, being often also absent in those of 

fe size. : 
* Frederic : Zeitschr. f. Morph. u. Anthropol., Bd. ix., 1906. 
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probably accounts for the tint distinguishing the white area. Since the transformation of the 
cells of the stratum germinativum into those of the nail-plate is confined to the matrix, it is evi- 
dent that the continuous 

growth of the nail takes Fic. 1161. 

place along the floor and Nail-bed _Nail-plate 

bottom of the nail-groove, 
the last formed increment 
of = mail-substance pushing 
forward the previously dif- 









Stratum corneum 


ferentiated material and ane 

thus forcing the nail to- germinativum 

wards the end of the digit. eanalhwall 
The relation of the epi- 

aevrornis of the nail-wall to 

the substance of the plate Eponychium 

is one of apposition only, Margin of nail— 

Prucluction of the nail oc- 

curring in no part of the 

fold. Over the greater Corfum — 


extent of the latter all the 
typical constituents of the 
cuticle are represented, but 
within the most proximal 
Portion the stratum germi- 
ma tiwum alone is present, 
the stratum comeum fad- 
img = away. Where the 
horny layer exists, it rests 
Airectly upon the nail, but 


is <lifferentiated from the* 
latter by being less dense Transverse section of nail-wall and adjacent part of nail-plate and nail-bed. \ 90. 


andi by its response to 

Stadms. As the nail leaves the groove, a part of the stratum germinativum of the nail-wall is 
PresLonged distally for a variable distance over the dorsal surface of the nail-plate as a delicate 
me wmbranous sheet, the cponychium, which usually ends in a ragged abraded border. 


THE CUTANEOUS GLANDS. 


These structures include two chief varieties, the sebaceous and the sweat 
&¢ands, together with certain modifications, as the ceruminous glands within the 
€Xternal auditory canal, the circumanal glands, the tarsal and ciliary glands 
Within the eyelid and the mammary glands. In all the epithelial tissues—the 
SeCreting elements and the lining of the ducts—are derivatives of the ectoblast 
andi , therefore, genetically related to the epidermis. 


THE SFBACFovs GLANDS. 


_ Although these structures (glandulae sebacae) are chiefly associated with the 
hair-follicles. in which relation they have been considered (page 1394), sebaceous 
S!2usnds also occur, if less frequently, independently and in those parts of the skin in 
Which the hairs are wanting, as on the lips, angles of the mouth, prepuce and labia 
™Mrxora. The size of these glands bears no relation to that of the hairs, since among 
the smallest (.2-.4 mm.) are those on the scalp. The largest, from .5-2.0 mm., 
ar found on the mons pubis, scrotum, external ear and nose. Conspicuous aggre- 
RACaons, modified in form, occur in the eyelid as the Meibomian glands. 

Depending upon the size of the glands their form varies. The smallest ones are 
€a@h little more than a tubular diverticulum, dilated at its closed end. In those of 
lar seer size the relatively short duct subdivides into several expanded compartments, 
which, in the largest glands, may be replaced by groups of irregular alveoli, with 
“Certain ducts that converge into a short but wide common excretory passage. 

Structure.—The structural components of these glands include a /férous 

eRVelope, a membrana propria and the epithelium, the first two being continuous 
With the corresponding coverings of the hair-follicle. The epithelium continued 
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into the ducts and alveoli of the sebaceous glands is directly from the 
outer root-sheath of the epidermis, where associated with sy wake fella dorstecee 
the epidermis where the hairs 
Fic. 1162. are The peri y 
of ae us is ed 
single, or incompletely « 
layer of flattened and imper- 
fectly defined basal cells, that 
gest imme aera 
brana propria and are distin- 
guished by theirdark cyto 
and outwardly di | oval 
nuclei. Passing towards the 
centre of the alveolus, the next 
cells contain a number of small 
oil drops which, with each suc- 
cessive row of cells, become 
larger and appropriate more 
and more space at the expense 


of the protoplasmic reticulum 
in which ther are lodged. In 
consequence, the cells occupy- 
ing the axis of the alveoli, which 
are completely filled and with- 
out a lumen, contain little more 
cmetine Breet iy ee ae 
Sebaceous glands from skin covering nose. x 60, lose their nuclei x! individual 
outlines and, finally, are merged 
as debris into the secretion, or seéum, with which the hairs and skin are anointed. 
The necessity for new cells, created by the continual destruction of the glandular 
elements that attends the activity of the sebaceous 
glands, is met by the elements recruited from the 
proliferating basal cells, which in turn pass towards 
the centre of the alveolus and so displace the 
accumulating secretion, 








THE Sweat GLANDs. 

These structures (glandulae sudoriferae), also 

called the sudoriparous glands, are the most important 
tatives of the coiled glands (glandulae glomi- 

formes) often regarded as constituting one of the two 
groups < sebaceous glands being the other) into 
mies within the rake ote esi fede! Cells from alveoli of sebaceous 
occur i integument of all parts of the : alle Troteas 
with the exception of that covering the red souryina'tl preneant af oh Gropkie: St feee aan 
the lips, the inner surface of the prepuce and the glans 
penis. They are especially numerous in the palms and soles, in the former locality 
numbering more than 1100 to the square centimetre (Horschelmann), and fewest on 
the back and buttocks, where their number is reduced to about 60 to the — 
centimetre ; their usual quota for the same area is between two and three hun 

Modified simple tubular in type, each gland consists of two chief divisions, the 
dody (corpus) or gland-coil, the tortuously wound tube in which secretion takes 
place, and the excretory duct (ductus sudoriferus) which opens on the surface of the 
skin, exceptionally into a hair-follicle, by a minute orifice, the sweat pore (porus 
sudoriferus), often distinguishable with the unaided eye. 

The body of the gland, irregularly spherical or flattened in form and yellowish 
red in color, consists of the windings of a single, or rarely branched, tube and com- 
monly occupies the deeper part of the corium, but sometimes, as in the palm and 
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scratum, lies within the subdermal connective tissue. The coiled portion of the 
gland is not entirely formed by the secretory segment, since, as shown by the recon- 
struactions of Huber, about one fourth is contributed by the convolutions of the first 
part of the duct. 

On leaving the gland-coil, in close proximity to the blind end of the gland, the 
duct ascends through the corium with a fairly straight or slightly wavy course as 
far as the epidermis. On entering the latter its further path is marked by conspicu- 
ous cork-screw-like windings, which, where the cuticle is thick as on the palm, are 
close and number a dozen or more and terminate on the surface by a trumpet-shaped 
orifice, the sweat-pore. 
In its course through Fic. 1164. 
the corium the duct = 
mevwer traverses a 
Papilla or ridge, but 
always enters the cuti- 
cle between these ele- 
wations. On the palms 

andi soles, where the 
Pores occupy the sum- 
mit of the cutaneous 
ridges, the ducts enter 
the cuticle between the 
dou ble rows of papillz. 
Structure.—The 
secreting portion of 
the gland-coil, called 
the ampulla on account 
of its greater diameter, 
Pessesses a wall of 
termnarkable structure. 
fhe thin external 
sheath, composed of a 
ay-er of dense fibrous 
USsS ue andelastic fibres, 
SUP ports a well detined 
Meonbrana propria. 
Immediately within the 
ter lies a thin but 
COmnpact layer of zzzol- 
Welary muscle whose 
lora gitudinally disposed 
SPAridie-shaped  ele- 
M€nts in cross-section ae a os a? ‘ dine’ 
jpear as a zone of «tion of skin from palm, showing difterent parts'of tna Rlands extending from 
‘gularly nucleated 
cells that encircle the secreting epithelium and displace it from its customary position 
eam inst the basement membrane. This muscular tissue enjoys the distinction, sharing 
nse the muscle of the iris, of being developed from the ectoblast. The secreting 
~S constitute a single row of low columnar epithelial elements, that lie internal to 
ne muscle and surround the relatively large lumen. Their finely granular cytoplasm 
ie tains a spherical nucleus, situated near the base of the cell, and in certain of the 
an er glands, as the axillary, includes fat droplets and pigment granules. These 
wha liberated with the secretion of the gland and when present in unusual quantity 
thee unt for the discoloration produced by the perspiration of certain individuals. In 
ee case of the ceruminous glands, the amount of oil and pigment is constantly great 
<A confers the distinguishing characteristics on the ear-wax. 
The sudden and conspicuous reduction in the size of the tube which marks the 
ination of the secreting segment and the degraning of the duct, is accompanied 
by changes in the structure of its wall. In addition to a reduction of its diameter to 
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hair is developed in a manner 
th that in which its predecessor was evolved. 


The Nails.—The first appearance of a definite nail- ASE 
3 i of the distal lanx is seen towards the Section of festal skin, show- 
‘nd of the third foetal month (Kolliker), although Zander ns § 5 pan dev 
Thas described a local thickening of the epidermis covering 
the tip e digit at the ninth week, By the fourth month the nail-area shows 
= y depressed field that is defined proximally and laterally by a curved 
ion of the nail-wall. Distally the field is limited by a 
salvom exidhtt deposits of eratolyalin whic, by the end 
germinativum exhibit deposits of kera' in which, by the 
fourth month, lead to the formation of a thin overlying layer of nail-substance. 
time this gains in thickness by additions to its under surface alone, the primary 
rei uced by the p' ive conversion of the cells of the stratum granu- 
is present throug’ 
. th ane the young nail lies completely buried within the epidermis, lying 
‘Between the most superficial elements of the epidermis and the epitrichial cells above, 
and the deeper layers of the cuticle below. The overlying epithelial mass, composed 
of the epidermal and epitrichial elements, constitutes the efonychium, the remains 
of which, after the disappearance of its middle and 
= Fic. 1170. distal parts, are subsequently seen as a thin mem- 
eee brane covering the proximal part of the nail-plate. 
As yet the young nail-plate has not come into 
relation with the epidermis of the nail-groove, since 
it is still confined to the primitive area. But during 
the fifth month the proximally growing root invades 
more and more the sulcus until it attains its definite 
relations with the nail-wall. Meanwhile the nail-bed 
beneath the developing root undergoes thickening 
and becomes the matrix, while the cells containing 
keratohyalin gradually disappear from the distal 
region of the nail-area in consequence of their com- 
pleted conversion into the nail-substance. Subse- 
: quently these cells are limited] to the proximal 
a e 4 nail-producing zone of the matrix from which, after 
m of fixtal skin, showing develop. the initial formation of the primary nail-substance, 
7 pro lets advanced than the nail alone receives the additions Gewioary for its 
r continued growth. In consequence of the resulting 
eink gabe the nail pushes its way through the elevated distal boundary of the 
nail- , the epithelium lying above the nail-plate being lost, while that below remains 
as the representative of the sole-plates that are well marked in many other animals. 












the nail-area. 
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cribriform plate is also fractured. On the other hand, the rich glandular supply of 
the mucous membrane, which makes the usual mucous secretion exceptionally free, 
may, in a post-traumatic coryza, result in a watery discharge of such quantity as to 
suggest the escape of the cerebro-spinal fluid. Emphysema within the orbit and 
under the skin may result from the communication of the nose with the ethmoidal or 
frontal sinuses. In the effort to keep the nose clear of blood by blowing, the air is 
forced into the subcutaneous tissues. 

In fractures at the lower part, the deformity is frequently lateral, because of 
the greater exposure to side blows, and the tendency of the cartilaginous ala and 
septum to avoid crushing. In the upper part depression is more likely, because of 
the tendency to escape any but forces from in front, the greater force necessary to 
produce the fracture, and the presence of a bony septum underneath, which crushes 
rather than bends. 

When the deformity has been replaced there are no strong muscles to repro- 
duce it, so that little or no effort is necessary to maintain the fragments in position. 
The deformity must be reduced early and the reduction maintained, because owing 
to the free blood supply, union is usually rapid, sometimes occurring in a week. 
One must bear in mind in reducing the deformity that the roof of each nasal fossa is 
not more than 2-3 mm. wide, and that, therefore, a narrow rigid instrument is 
necessary to press the fragments upward into their normal positions. , 


THE NASAL FOSS. 


The cavity of the nose is divided by the median septum into two nasal fosse 
which extend from the anterior to the posterior nares, or choanez, through which 
they open into the naso-pharynx. They communicate more or less freely with the 
accessory air-spaces within the frontal, ethmoid, sphenoid and maxillary bones, into 
which, as a lining, the mucous membrane of the nasal fossz is directly continued. 

Seen in frontal section (Fig. 1176), each fossa is triangular in its general outline, 
the apex being above at the narrow roof and the base below on the floor. The 
smooth median wall is approximately vertical and meets the floor at almost a right 
angle, while the sloping lateral wall is modelled by the projecting scrolls of the three 
turbinates, which overhang the corresponding meatuses. In sagittal sections 
(Fig. 1174) the contour of the fossa resembles an irregular parallelogram from which 
the upper front corner has been cut off, so that in front the upper border slopes 
downward to correspond with the profile of the outer nose. The greatest length of 
the fossa, measured along the floor, is from 7-7.5 cm. (23{-3 in.) and its greatest 
height from 4-4.5 cm. The width is least at the roof, where it is less than 3 mm., 
and greatest in the inferior meatus a short distance above the floor, where it expands 
to from 15-18 mm. 

The Vestibule.—The anterior part of the fossa, immediately above the open- 
ing of the nostril and embraced by the outer and inner plates of the lower lateral 
cartilage and adjoining portion of the septum, is somewhat expanded and constitutes 
the vestibule (vestibulum nasi), a pocket-like recess prolonged towards the tip being 
the ventricle (recessus apicis). These spaces are lined by delicate skin, directly con- 
tinuous with the external integument and tightly adherent to the underlying cartilage, 
and, in the lower half of the vestibule, containing numerous sebaceous glands and 
hairs. In the vicinity of the nostril the hairs, known as cvbrisse@, are coarse and 
long and curved downward to afford protection to the nasal entrance. Over the 
upper part of the vestibule, the skin is smooth and closely attached to the lower 
lateral cartilage, the upper margin of the outer plate projecting as a slightly arching 
ridge, the dimen vestibul’, which forms the superior and lateral boundary of the vesti- 
bule and marks the line of transition of the skin ‘into the mucous membrane that lines 
the remaining parts of the nasal fossa. 

Above and beyond the vestibule, the nasal fossa rapidly expands into a 
triangular space, the a/rium nas?, that lies in advance of the entrance into the middle 
nasal meatus. Above and in front the atrium is bounded by a low and variable 
ridge, the agger nasi, that represents a rudimentary naso-turbinate, which in many 
mammals attains a large size. The space Iving in front of the agger, extending 
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Bier enated ix cooseper toate son the taba pig betters 
inate and the floor of the fossa. That part of the nasal between 


um, into which the recesses open medially, is sometimes called 
. The details of the nasal fossa as seen within the macerated 
cribed in connection with the skeleton (page 223). In the recent 

t ine mali place, while their general contour is. 
ts of the are materially reduced in size by the thickness of the 

brane and the erectile tissue that cover the bony framework. 
rior Meatus.—Corresponding to the small size of the upper turbinate, 
r atus (meatus nasi superior), or e/hmordal fissure, is narrow and 
ro ike and little more than half the length of the middle one, It is directed 
own nd backward and is floored by the convex upper surface of the middle 
concha. When the upper turbinate is replaced by two scrolls (conchae superior 
et Sstprema)—a condition that Zuckerkandl regard: as very frequent, if i not 
the more usual—the meatus is accordingly doubled. Into the upper and pip Ser 
of the superior meatus the posterior ethmoidal air-cells open by one or more orifices 


Fic, 1175. 


Opening of middie ethmoidal cells 
Superior turbinate, partly removed 


Inferior & 5 
Inferior meatus partly removed” 


Lateral wall of nasal fossa; portions of turbinate bones have been removed to expose 
openings into air spaces, 





of variable size. Above and behind the upper turbinate and in front of the body of 
the sphenoid bone lies a diverticulum, the spheno-elhmoidal recess, into the posterior 
part of pened opens the sphenoidal sinus. 

The Meatus.—The recess beneath the middle turbinate (meatus nasi 
medias) is spacious and arched to conform with the contour of the middle and 


conch which constitute its roof and floor respectively. On elevating, , 


or still better removing close to its attachment, the lower turbinate bone, a deep 
crescentic groove, the znfundidulum, is seen on the outer wall of the fossa overhung 
by the anterior half of the concha. The crescentic cleft leading from the middle 
meatus into the infundibulum is the Aza/us semilunaris,’ which extends from above 
downward and backward, with its convexity directed forward, Its anterior boundary 
is a sharp crescentic ridge due to the uncinate process of the ethmoid covered 
with thin mucous membrane, while behind it is limited by a conspicuous cleyation 
produced by the corresponding underlying bony projection of the ethmoidal bulla. 


1 Some confusion exists in the use of this term, since it is often applied to the entire groove and 
not to the cleft which leads from the meatus into the groove. The name is here employed 
as ig the lunate cleft and not the groove (which is the infundibulum), as originally used 
by Zuckerkandl, who introduced it. See Antomie der Nasenhéhle, Wien, 1882, page 39. 


— 
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the higher animals, to situations more remote from the exterior. The slender 
peripheral process of the olfactory cell, which corresponds to the dendrite of the 
neurone, is of uniform thickness and ends at the surface in a small hemispherical 
knob that projects slightly beyond the general level of the epithelium and bears from 
6—S8 minute stiff cilia, the olfactory hairs. The length of the peripheral processes, 
being dependent upon the position of the nuclei, varies, since the latter occupy 
different levels within the epithelium in order to accommodate their greater number— 
albout 60 per cent. in excess of those of the supporting cells (Brunn). The central 


Fic. 1180. 


Olfactory cell 


Supporting cell 
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Section of human olfactory mucous 
membrane, silver preparation; two 


olfactory cells are seen, one of which Isolated elements of spithelinm of olfactory 
sends nerve-fibre towards brain. x 335+ mucous membrane; a, olfactory cells; 4, sup- 
(Brunn.) porting cells. ~ 1000. (Brunn.) 


Processes of the olfactory cells, much more delicate than the peripheral, are directly 
continued, as the axis-cylinders, into the subjacent nonmedullated nerve-fibres within 
the tunica propria, from which they pass through the cribriform plate to enter the 

rain and end in the arborizations within the olfactory glomeruli of the bulbus 
olfactorius (page 1152). 

The tunica propria is differentiated into a superficial and a deep layer by 
the adenoid character of the stratum immediately beneath the epithelium. The 
Superficial layer, from .o15-.020 mm. thick, consists of closely packed irregularly 
found cells, resembling lymphocytes, and meagre bundles of delicate connective 
Ussue. The deep layer, on the other hand, contains robust bundles of fibro-elastic 
Sssue and relatively few cells. A distinct membrana propria is wanting within the 
olfactory region. 

_ The glands of Bowman (glandulae olfactoriae) are characteristic of the olfactory 
feon and probably elaborate a specific secretion (Brunn). They open onto the 
ere surface by very narrow ducts that lead into saccular fusiform dilatations, into 

Ich the tubular alveoli open. The ducts possess an independent lining of flattened 
fells that extend as far as the surface and lie between the surrounding epithelial ele- 
qecnts. The dilatations are clothed with flattened or low cuboidal cells, which are 
we laced by those of irregular columnar or pyramidal form within the tubular 
to Cor From the character of their secretion the glands of Bowman are probably 
be reckoned as serous and not mucous (Brunn, Dogiel). 
fee's The Respiratory Region.—The mucous membrane lining of the respiratory 
pion differs greatly in thickness in various parts of the nasal fossa. In situations 
. €re the contained cavernous tissue is well represented, as over the inferior turbinate, 

May reach a thickness of several millimeters, while when such tissue is wanting, as 
‘ON the lateral wall, it is reduced to less than a millimeter. 
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the crescentic groups of serous cells that stamp the glands as mixed (Stohr). 
Exceptionally exclusively serous glands are also encountered (Kallius ). 
Jacobson’s Organ.—Mention has been made of the rudimentary structure 
(organon vomeronasale) found in man, almost constantly in the new-born child and 
frequently in the adult, as a representative of the organ of Jacobson that is present, 
in varying degrees of perfection, in 
all amniotic vertebrates (Peter). In ~ 
many animals possessing in high ie 
degree the sense of smell (macros- 
matic), the organ is well developed 
and functions, serving possibly as an a“ —— : 
accessory and outlying surface by | fit ee ; AMA Mucous 
which the first olfactory impressions : : 
are received (Seydel). 
In man the organ is represented 
by- a laterally compressed tubular 
diwerticulum, from 1.5-6 mm. in 
lewagth, that passes backward and 
siz gzhtly upward to end blindly be- 
te==ath the mucous membrane on each 
Sia < of the septum. The entrance 
tm the tube is a minute aperture 
sif= erated near the lower border of 
th <== septum, above the anterior nasal 
sp> % me and the rudimentary vomerine 
ca w—tilage. The median wall of the 
di ~~erticulum is clothed with epithe- 
lum 2m composed of tall columnar cells 
t=embling those of the olfactory 
t€s27Xon, but the characteristic olfac- : 
\o my cells are wanting. The epithe- Portion of frontal Section through nasal fos of kitten, showing 
Yiu wn covering of the lateral wall = aa 
C>rresponds to that of the respiratory region. In macrosmatic animals branches of 
te olfactory nerve are traceable to Jacobson’s organ in which are found olfactory cells. 


Fic. 1182. 
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PRACTICAL CONSIDERATIONS: THE NASAL CAVITIES. 


The nasal cavities have certain important clinical relationships which may be 
dassified as (1) physiological—(a) respiratory, phonatory and olfactory ; (6) sexual ; 
(2 ) topographical—(a) the nasal chamber and the vestibule ; (6) the premaxillary, 
Maxillary, and palatal portions ; (c) the septum, and the turbinate bones. 

1. (a) The air passing out from the pharynx, being confined to the plane of 

@ posterior nares, is not carried up to the olfactory region, so that the odors on the: 
expired breath are not appreciated. When the communication between the respira- 
tory and olfactory portions is cut off, as by: swell of the mucous membrane at the 
"gion of union of these portions, loss of smelling supervenes. Discharge which may 
accumulate about the middle turbinate bone or in the upper portion of the vestibule 
cannot be removed by the act of blowing the nose, for the reason above assigned that 
the air of expiration cannot pass within the olfactory portion. The act of blowing 
‘Ne nose, or the process of washing out the nose by a current thrown in from the 
naso-pharynx, will wash out the inferior meatus with ease, provided the discharge is 
not inspissated, and the parts of the floor of the nose are normal (Allen). An 
abnormal width or patency of the respiratory portion of the fossa—especially of the 
"erior meatus—due to imperfect development of the inferior turbinates, has 

n thought (Lack), by diminishing the 27s @ ‘ergo in blowing the nose and thus 

Voring the retention and decomposition of the nasal mucus, to contribute to the 
currence of atrophic rhinitis (ozena). The value of the nose as an accessory 
gan of phonation consists in its action as a resonating cavity which adds quality, 
color and individuality to the voice. This function of the nose becomes strikingly 





PRACTICAL CONSIDERATIONS: THE NASAL CAVITIES. 1419 


the alz and along the side of the nose, again dividing the bone. The flap thus 

formed can be turned upward, after breaking the bridge of bone between the upper 

ends of the two incisions, exposing the nasal fossa. 

The finger can be passed backward through the nostril far enough to meet the 
finger of the other hand passed to the posterior nares through the mouth. 

The posterior nares can be examined by the rhinoscopic mirror or by the finger 
introduced through the mouth. Posterior rhinoscopy, like laryngoscopy, is carried 
out with difficulty, because the region of the naso-pharynx is sensitive and is intol- 
erant of intrusion. In the act of swallowing, the epiglottis protects the larynx by 
dosing the laryngeal opening, and the soft palate rises against the posterior wall of 
the pharynx, preventing regurgitation into the nose. When the rhinoscopic mirror 
isused the same thing occurs, so that the view of the larynx and naso-pharynx is 
shut off. Considerable difficulty is sometimes experienced in training the patient to 
overcome this tendency. The employment of the nasal douche is based upon the 

same mechanism. When the stream of fluid passed through one nostril reaches the 
posterior part of the nose, its progress toward the mouth is obstructed by the elevated 
soft palate, and it therefore passes around the posterior edge of the septum and back 
tha x-ough the opposite nasal fossa. 

With the rhinoscopic mirror in good position, and the soft palate quiet, one 
m=m_y see the posterior nares divided by the septum, the turbinated bones, and the 
m <= ati (especially the middle turbinate and the middle meatus), the roof of the naso- 
pe =arynx and the orifices of the Eustachian tubes. The finger introduced through 

<= mouth can feel the same structures, and can recognize naso-pharyngeal adenoids, 
tw manors, or abscesses. 

The mucous membrane over the turbinates, owing to the presence of a rich 
V@arnous plexus, is one of the most vascular in the body, and resembles erectile tissue 
(Fs=age 1968). This and the general vascularity of the nose partly explain the great 

quency of epistaxis. The excessive supply of blood to the mucosa may be (a) for 
(<= purpose of enabling it to raise the temperature and add to the moisture of the 
‘SS pired air; (4) to favor the activity of the numerous mucous glands, the free secre- 
t<>n of which together with the action of the cilia of the epithelial cells is required to 

t© move the dust and the micro-organisms that are filtered from the air during inspi- 
fa Laon by the vibrissz and the cilia themselves ; (c) to endow it with sufficient vitality 
t@ resist the pathogenic action of such micro-organisms. In spite of this defensive 
q®2ality, the constant exposure to atmospheric irritants often leads to congestions and 
©Oryzas, which if long continued and frequently repeated result in hypertrophy of 

‘2 mucous membrane. This may require removal by cauterization or excision to 

Telieve the consequent obstruction. The mucous membrane is somewhat less closely 
attached to the septum than to the neighboring parts, and hence hzmatomata of the 
s€ptal submucosa are not infrequent after an injury to the nose. Such haematomata 
are almost invariably infected and proceed to suppuration forming septal abscesses, 
the constitutional symptoms (toxzemia) of which may give rise to anxiety if their 
local cause is overlooked. 

Epistaxis is common not only because of (a) this vascularity of the mucosa, but 

by reason of (4) the frequency of trauma to the nose ; the relation of its veins 
(€ ) to the general venous current so that they may be congested in cardiac or in pul- 
MOnary disease, or in straining, or in paroxysms of coughing, as in whooping cough ; 

and (d) to the intracranial sinuses, so that nose-bleed may be a symptom of cerebral 
Congestion or tumor ; (¢) the bleeding may be vicarious, as in cases of suppressed 
menstruation (an illustration of the sexual relations of the nasal apparatus); (/) 
i mot uncommonly follows ulceration—simple, tuberculous or syphilitic—and in 
Stinate cases such ulcers should always be sought for. 

The source of hemorrhage from the nose is most frequently in the anterior part, 
Particularly on the septum, and is then ordinarily controlled with ease. Usually the 
Patient should be kept upright, with the head back, (not in the usual position lean- 
MR over a basin, increasing the tension of the vessels of the neck and head) and 
SNould be made to take deep breaths with the arms raised, thus fully expanding the 
thorax and depleting the cervical veins and, indirectly, the facial and ophthalmic into 

Which the veins of the nose empty. If ordinary means fail, and this is more likely 





THE ACCESSORY AIR-SPACES. 1421 


so near the floor of the nose that the roomiest portion of the inferior meatus is 
posterior. Therefore, the entrance of air into the lower part of the nasal fossa is 
obstructed, and is favored toward the upper—‘‘ respiratory '’—portion, especially 
through the wide anterior opening of the middle meatus, which reaches as high as 
the tendo-oculi. This anatomical arrangement is the explanation of the fact already 
mentioned, that odors on expired air are not recognized. 

The relations of the nasal chambers explain why a coryza may cause (a) lach- 
rymation, by affecting the tear duct, lachrymal sac, and conjunctiva ; (6) dysphagia, 
by extending to the pharynx by way of the posterior nares ; (c) hoarseness or cough, 
by further extension to the respiratory tract ; (d) frontal headache, by involving the 
frontal sinuses ; (¢) ‘‘face ache,’’ by implicating the antrum ; (/) grave intraorbital 
or intracranial disease, by way of either the ethmoidal cells or the sphenoidal sinuses ; 
basal meningitis by extending along the perineural or perivascular sheaths, or by 
way of the lymphatics through the cribriform foramina to the floor of the anterior 
cranial fossa; (g) extension to the retropharyngeal lymph node (page 955), into 

which certain of the nasal lymphatics empty, may result in a retropharyngeal ab- 
scess ; or (4) infection (pyogenic or tuberculous) of the submaxillary, preauricular, 
or deep cervical nodes may follow nose diseases. The graver of these complications 
are, of course, associated with the severer infective forms of rhinitis. Malignant 
owths—commonly sarcomatous—may begin in the nasal chambers and may extend 

is@ any af the directions above mentioned. . 


THE ACCESSORY AIR-SPACES. 


The nasal fossz communicate with a number of remarkable cavities, hollowed 
om t within the surrounding bones, which are filled with air and lined by mucous 
m= «=nbrane directly continuous with that of the meatuses. These pneumatic spaces 
irm «clude the maxillary, the frontal, the sphenoidal and the palatal sinuses and the 
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Vion of transverse section of head passing through nasal fossie just below middle turbinates; the inferior surface 
of the section has been drawn and the nasal foss and other spaces are viewed from below. 


thmoidal air-cells, all paired and within the corresponding bones. Since the 
Mucous membrane is thin and intimately adherent to the bones, the form of the cavi- 
Wes as observed in the recent condition corresponds closely to that seen in the 
™acerated skull. The size and extent of the spaces vary not only at different periods 
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ng glands with that lining the respiratory region of the acljacent 


noidal Sinus.—The paired air-spaces (sinus luced 
n of the cancellated tissue within the body of ret bone ae 
eeeestal yes osseous partition and seldom communicate. Dar actae 

in size and often asymmetrical, with corresponding displacement of mei septum. neg 
Seongey ol 2 mimn., width of 15 mm., and a "ne, a determined by Br 
dimensions of the average sinus. The capacity of the latter, as d by Briihl 
po deed 1-4 ce. When large, the spaces may appropriate not only a large part 

into both wings, the pt eee and the tes 
oo include’ the basilar process of the occipii Not infrequently one or 
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more of the posterior ethmoidal air-cells projects or opens into the sphenoidal sinuses. 
Very exceptionally these spaces may come into close relations with or even open into 
the maxillary antrum (Zuckerkand!)—a condition normally found in some apes. 
The sphenoidal sinus of each side communicates with the nasal fossa by means of 
the spheno-ethmoidal recess, above the superior turbinate and close to the roof of 
‘the fossa, by an aperture that pierces the upper part of the anterior wall of the sinus. 

this opening, reduced in the recent condition, the respiratory mucous 
membrane is prolonged into the sinus which it lines. 

The palatal sinus, the small air-space within the orbital process of the palate 
bone, communicates indirectly with the nasal fossa by either the posterior ethmoidal 
cells or the sphenoidal sinus into which it opens. 

Vessels.—Of the arteries supplying the nasal fossa the spheno-palatine branch 
of the internal maxillary is the largest and most important. Entering the nose 
through the spheno-palatine foramen, it divides into external (posterior nasal) and 
internal (naso-palatine) branches, which supply an extended tract reaching from the 
posterior to the anterior nares. The external branches are distributed to the turbinate 


go 
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b= comes cedematous and is thrown into folds which later are obstructive ; (@) foreign 
thexries (as a carious tooth, in the case of the antrum) have little chance for escape, 
awnad mucous cysts, polyps, and lesions of the sinus walls (pyogenic, syphilitic or 
tem Berculous caries or necrosis) are not uncommon ; (¢) one cavity may be infected 
fx-<>m another, pus from the frontal sinus entering the ethmoidal cells, or pus from 
@i ther of these entering the antrum through its normal opening, or through a 
= oration of its wall in the vicinity of the infundibulum (Lack ). ; 

In the greater number of cases, the chief—often the only—symptom of chronic - 
Sx ppuration of the accessory sinuses, is a purulent nasal discharge. Spontaneous 
re=covery is practically impossible, and in the great majority of cases, operation—for 
Aisinfection and drainage—becomes necessary. The cavities (as one may act asa 

reservoir of pus coming from another) may have to be attacked in a definite order. 
Ordinarily it is possible to determine whether the pus comes from the sinuses that open 

into the same passage within the middle meatus—the anterior group—or from those 

which open more posteriorly, above the middle turbinate bone—the posterior 
group. If no definite evidence can be obtained as to which of the anterior group is 
inwolved, it would be well to attack first the antrum, then the ethmoidal cells, and 
then the frontal sinus. If the posterior group is affected it is usually proper to 
temnove the posterior portion of the middle turbinate and open the posterior ethmoidal 
cells, later, if necessary, opening the sphenoidal sinus. Occasionally, as in ozaena 
‘On account of the width of the inferior meatus and the atrophy of the inferior and 
middle turbinates), the opening of the sphenoidal sinus can be seen from the front, 
andi then this sinus may be explored first (Lack ). 

The frontal sinuses do not appear as distinct spaces until about the seventh 
year, and are developed by a separation of the two tables of the skull, with more 
or less resulting prominence above the superciliary ridges. There may be a 
g¥eater relative bulging toward the interior of the cranium, so that the prominence 
of the superciliary ridges is no indication of the size of the cavities of the sinuses. 
They are often very irregular in size, one being larger at the expense of the other, 
the septum deviating to one or the other side accordingly. It is therefore, difficult, 

at times, to decide which side is involved by disease. 

Fracture of the skull over a frontal sinus does not imply that the cranial cavity is 
opened, even when depression exists. The frequent presence in these fractures of em- 
physema within the orbit and in the subcutaneous tissue, results from the entrance of air 
through the communication with the nose, when the latter is blown. The dependent 
Position of its opening into the middle meatus or the infundibulum, provides better 
drainage for discharges than is the case in the other sinuses, and probably accounts for 

the relative infrequency of empyema of this sinus, although this advantage is partly off- 
set by the length, narrowness, and tortuosity of the canal, which render it easily liable 

‘oobstruction. Swelling of the mucous lining of the outlet of the frontal sinus may 
thus occlude the canal, and result in abscess (empyema). If this remains undrained the 
Pus would tend to burrow through the weakest point of the wall, which usually leads it 
through the floor of the cavity into the orbit, giving rise to an orbital cellulitis, and to 
displacement of the eyeball. It later tends to escape through the inner portion of the 
Upper eyelid. In some cases it extends through the posterior wall of the sinus into 
the cranial cavity, causing a septic meningitis, or an extradural or brain abscess. 

. _ Extensive necrosis of the frontal bone may follow sinus disease, as the frontal 
diploic vein, which empties into the frontal vein at the supraorbital notch, receives 
blood from the sinus. 

: If free drainage is maintained these complications are very rare, but if drainage 

'S defective it is imperative to open the sinus early. This may be done externally, 

© anterior wall being removed by a chisel or trephine. The incision may be verti- 

cal or along the superciliary ridge from the inner end to the supraorbital notch, 
thastimes dividing the supraorbital vessels. The thinness of the nasal portion of 

© floor of the sinus is marked—as well as that of the orbital portion—and therefore 
frontal sinus suppuration is, as a rule, associated with infection of some of the anterior 
Moidal cells, which - surgically—may perhaps be considered as forming a part 

Of that sinus (Lack), although Kiimmel notes that he has scen the ethmoidal cells 

Perfectly intact in a series of cases of frontal sinusitis. 
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Occurs in the production of the relatively feebly developed human olfactory apparatus. 
AVith this differentiation is associated the formation of the turbinates and the - 
& ntervening clefts (the ‘ 
xEneatuses)and of the acces- ; Fic. 1189. 
. Cartilaginous capsule 
sory air-spaces. The stud- Ethmo-turbinal 


& es of Zuckerkandl, Killian, ae 






SSchoenemann, Peter’ and 
others have shown that 
the typical development of 
the conchz proceeds from _Jacobson’s organ 
three primary outgrowths 


Maxillo-turbinal 







Nasal fossa 


from thelateral nasal wall in = 
regions later correspond- _ Palatal process + } : 
Ang to the maxilla, ethmoid Oral cavity: » aS) " 


zand nasal bones. These 
<levations, appropriately 
kknown as the maxillo-tur- 
Sinai, the ethmo-turbinal 
zand the aso-turbinal, un- 


<dergo differentiation that = y 
Yeads to the simple or com- ieee 
wWlex definite arrangement 

of the conche found in Frontal section through developing nasal fossz and oral cavity which 


Be # communicate; palatal processes are forming. X 15. 
~warious animals. 

In man the maxillo-turbinal, later the inferior turbinate, first appears and pre- 
«<cedes the ethmo-turbinal plate that later is supplemented by a second scroll, thus 
Producing the middle and superior turbinates respectively. The naso-turbinal, 
<always rudimentary in man, is represented by a small ridge that appears in front of 
the ethmo-turbinal and above the maxillo-turbinal plates and persists as the agger 
wnas:. The ethmo-turbinal is most intimately related to the true olfactory area and 
auandergoes, even in man, conspicuous subdivision. Although finally reduced to two 
( the upper and middle turbinates), in the human foetus, just before birth, five ethmo- 
turbinal plates defined by six grooves are present (Killian). Persistence in excess 
of the usual complement accounts for the presence of the supernumerary ethmoidal 
turbinates so often observed. 

As interpreted by Killian, the subsequent modifications of the ethmo-turbinals 
and the intervening furrows, either by further expansion or by fusion, are not only 

intimately concerned in producing details modelling the lateral wall of the nasal fossa, 
zs the uncinate process, ethmoidal bulla, hiatus semilunaris and infundibulum, but 
zalso associated with the first appearance of the accessory air-spaces. The earliest 

establishment of these spaces pre- 

Fic. 1190. cedes the appearance of the carti- 

Se Fore-brain lage that later encloses them, their 
relations to the skeleton being, 
therefore, secondary (Kallius). 
—Lateral nasal process The ethmoidal air-cells and the 
sphenoidal sinus are primarily con- 

Maxillary process strictions from thenasal fossa, while 
the maxillary and frontal sinuses 









Nasal aperture 


—— Primitive choana i u 
‘ are more or less direct extensions 
from the same cavities. 
~— Palata) process . . 
ati FOr ae sal eat eees The maxillary sinus ap- 
of head of fertuy ts mm in length, showing primitive chome years about the middle of the third 


. feetal month as a minute epithe- 
lium-lined sac within the mesoblast at the side of the nasal fossa, from which it 
S been evaginated ; by the sixth month it measures some 5 mm., and at birth 
acquired the size of a pea. Until the eruption of the milk teeth provides the 


In Hertwig’s Handbuch d. Entwikelungslehre, Lief. 4 and 5, 1902. 
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supporting cells, somewhat blunted and flattened and beset with a narrow cuticular 
zOne, are closely grouped to bound the annular opening of the inner taste-pore, 
through which project the stiff hair-processes of the gustatory cells. Their deeper 
oT central ends are prolonged into one or more protoplasmic processes which unite 
with similar extensions of the basal cells, as the peculiar supporting cells at the base 
«»f the bud are called. 

The dasa/ cel/s are modified sustentacular elements, probably epithelial in nature, 
awhich occupy the lower fourth of the buds, resting upon the subjacent epithelium 
and, in turn, affording support for the elongated cells. Although differing in size 
a.nd details of form, the basal cells are provided with oval nuclei and are generally 
mMore or less branched. By means of their protoplasmic processes they are united 
w ith the central ends of the longitudinally disposed supporting and gustatory cells, 
with one another and with the surrounding epithelial cells. The number of basal 
cells in each bud is small, often only two or three and seldom more than half a 

dozen being present (Graberg', Kallius’). 

The percipient elements, the gustatory cells, are irregularly arranged between 

the more deeply placed supporting cells and enclosed within a shell formed by the 
more superficial ones. They are long and fusiform, reaching from the base of the 
bucd to the inner taste-pore, through which 
the stiff hair-like processes that cap their 
outer ends project. Their slender nuclei, 
nch in chromatin and deeply staining, 
occuapy the thickest parts of the cells, 
which beyond the nucleus are continued 
im eather direction as thin processes. The 
Peri pheral ones, as noted, extend not only 
as faaras the inner taste-pore, but through 
the latter and into the canal by means of 
the gustatory hairs into which the taste 
cells are prolonged. The centrally directed 
€ndis are usually much the shorter and 
JO1n the processes of the basal cells. The 
Number of gustatory cells within a single 
taste-bud varies, in exceptional cases only 
two or three being present, but more 
Often they arc almost as numerous as the , Piet , F 
Supporting cells (Graberg ). Diagranimase, secon WMiniatlng“architesare of 

The capillary clefts observed within 
4nd around the taste-buds—the sntra- sub- and peri-bulbar juice-spaces described 
by Graberg—are regarded by some as existing during life and, therefore, not as 
Artefacts. To these intercellular clefts the last-named authority attributes the func- 
“On of insuring and facilitating an active lymph-circulation within and around 
the taste-buds, whereby is effected the prompt removal of foreign substances that 
Might prove deleterious if too long retained in close relation with the delicate 
S€nsory elements. 

Hermann has shown that the taste-buds are the seat of continual degeneration 
and repair, sometimes, indeed, entire buds undergoing regression. Whether such 

“Structive processes are to be ascribed directly to the invasion of leucocytes, al- 
though the latter are normally found in insignificant numbers within the buds, is still 
@ subject of discussion. 

The nerves distributed to the gustatory bodies are the fibres of the glosso- 
Pharyngeal, the nerve of taste. From the rich subepithelial plexus numerous twigs 
4Scend into the epithelium, one set going directly into the taste-buds and the other 
€nding within the surrounding tracts of epithelium. Since the last set—-the ‘ter 

uléar fibres—probably have no concern with the impressions of taste and serve to 
©Onvey sensory stimuli of other value, it suffices to note that after repeated division 
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is greatest just back of its anterior margin, which is thickened and offers the best 
protection to the eye from injury. The upper margin is most marked and with the 
eyebrow offers a good protection to the eye in that direction. The inner margin is 
mot prominent, but is well reinforced by the bridge of the nose. The outer edye is 
least prominent, and on that side palpation is possible as far back as the equator of 
the globe. For this reason, and because the outer walls converge backward while 
the inner walls are parallel, incisions for reaching the interior of the orbit are best 
made on the outer side. The walls are thin and easily fractured by direct violence, 
as from canes and similar objects, which sometimes enter the adjacent cavities, as 
the ethmoidal. Tumors may encroach upon the orbital space either by causing the 
absorption of the thin intervening bone, or by growing through one or more of the 
openings in its wall, as through the optic foramen and sphenoidal fissure from the 
c¥ranial cavity, the nasal duct from the nose, or the temporo-maxillary fissure from 
the temporal or zygomatic fossz. 

The eyeball occupies about one-fifth of the orbital cavity, the remaining space 
being filled by nerves, vessels, muscles, the lachrymal gland, fat, and a system of 
faascize. In the ordinary case a straight edge placed against the upper and lower 
margins of the orbit will just touch the closed lids covering the apex of the cornea, 
burt will not compress the eye. A straight line between the two lateral margins 
would pass back of the cornea, on the outer side posterior to the ora serrata and on 
the inner side at the junction of the ciliary body and iris. 

An exophthalmos is a protrusion forward of the ball, and is usually due to 
Pressure from behind, more rarely to paralysis of the recti muscles. Some of the 
more common causes of retrobulbar pressure are orbital cellulitis or abscess, tumors, 
distension of the orbital vessels, and excess of fat. 

. Enophthalmos, due to exhausting disease, is more apparent than real, but a true 

Stinking of the globe may be due to paralysis of Miiller's muscle due to lesion of the 
sy™M pathetic, to atrophy of the retro-bulbar cellular tissue caused by trophic dis- 
turbance, to fracture and depression of the orbital bones with cicatricial adhesion 
and contraction, and to injury of Tenon’s capsule and the check ligaments. 

Inflammation of the capsule, or Tenonitis, may be due to constitutional poison 
°r to infection following operations involving it, as in tenotomy of the ocular 
Muscles. It may be an extension from an inflammation of the eyeball. The inflam- 
MAtory exudate in the capsule and adjacent tissues will sometimes cause a slight 
€Xophthalmos, and the eye will be immobile. All the extrinsic muscles of the eye 
Pl€rce the capsule about the equator of the globe to reach their insertions in it. 

Ch muscle receives a tubular investment from the capsule, which fuses with the 
Proper sheath of the muscle and leaves a small bursa on the anterior surface of 
€ach. To open the capsule for a tenotomy, the incision is made just back of the 
Ae: and goes through only the conjunctiva and outer layer of the capsule. The 

‘sired tendon is easily found and brought out with a hook when it is divided. The 
Geowiar prolongation about the tendon prevents retraction of the stump after the 
iVision, and so preserves the function of the muscle. This is aided by expansions 
of the capsule passing to the margins of the orbit and continuous with the perios- 
teum. Those passing from the internal and external recti are stronger than the 
thers and are called the infernal and external check ligaments. They are united 
'Y a layer of fascia (suspensory ligament of the eyeball) passing under the eyeball 
8° that the eye is supported after the bony floor of the orbit has been removed, as 
ter excision of the superior maxillary bone. If the outer layer of the globe is left 
alter enucleation of the eye, the muscles will still have an attachment and be capable 
ot moving an artificial eye fitted to the stump. 

While the movements of the eyeball are free in all directions, as in a ball and 
Socket joint, no change in position of the eyeball, as a whole, takes place, as the 
Centre of rotation is about in the centre of the globe. By these movements the 
image of the object to be especially seen is fixed upon the most sensitive part of the 
retina, 

_ The internal rectus draws the ball directly inward and the external rectus 

directly outward. The other four muscles, the superior and inferior recti and the 
two oblique, have a complicated action. The upward and downward movements 
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The palpebral fissure leads into the conjunctival sac, which, when the lids are 
in contact, is a closed capillary space between the lids and the anterior surface of the 
eyeball. When the cleft is open, the conjunctival space becomes an annular groove 
of unequal depth, its height being from 22-25 mm. behind the upper lid and only 
about half as much behind the lower, and being shallowest at the inner angle. 
That part of the sac which covers the posterior surface of the lids constitutes the 
palpebral conjunctiva and that reflected onto the eye ball is the bulbar con- 

junctiva, while the bottom of the groove, where these two portions are continuous, 
a5 known as the fornix conjunctive, the superior and inferior being distinguished. 

The lachrymal lake (lacus lacrimalis) is the shallow bay into which the con- 
junctival sac is prolonged for about 5 mm. between the medial ends of the eyelids. It 
ah an irregularly oval or comet-shaped elevation, the lachrymal caruncle. 

e latter (caruncula lac- 
wimalis) consists of an is- FIG. 1201, 
let of modified skin from Pc. 
which project usually ; 
about a dozen minute 
and scarcely visible hairs, 
provided with large seba- 
ceous and smaller sweat 
glands and embedded in 
a cushion of fatty tissue. 
Just to the outer side of 
the caruncle, a vertical 
crescentic fold, the plica 
sernilunaris, indicates 
the limit of the bulbar 
conjunctiva. The fold is 
of interest as probably 
representing in a very 
rudimentary way the 
Aictitating membrane, or 
third eyelid, of the lower 
animals. The semilunar 
fold frequently contains 
4 minute plate of hyaline 
Cartilage as the vestige of 
the stronger bar in the 
Nictitating membrane. 
Likewise the small group 
alveoli sometimes 
found within the base of 
fold is regarded as 
the homologue of the 
arderian gland of the 
lower types. The points \ 
at which the slightly Gunde of Mott Citia Citiary muscle 
CUN- ed boundaries of the 
char ymal lake pass into 
Tmore arched edyes of the eyelids are emphasized by little elevations, the lach- 
yoal papillz, each of which is pierced by a minute aperature, the punctum 
Crimalis, that marks the beginning of the canals by which the tears are normally 
@Mied off from the conjunctival sac. 
., Structure of the Eyelids.—The eyelid comprises tive layers which, from 
WWhout inward, are: (1) the skin, (2) the sadcutlancous tissue. (3) the muscular 
Wer, (4) the farso-fascial laver and (5) the conjunctiva. 
. The skin covering the outer surface of the cyelids is distinguished by its unusual 
ddlicacy, being thin and beset with very fine downy and widely scattered hairs, pro- 
‘ded with sebaceous follicles ; small sweat glands also occur. "It presents numerous 
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are coiled tubules, resembling modified sweat glands, the latter sebaceous glands, 
the ducts of which usually open close to or into the mouths of the follicles of the 
eye-lashes. 

The palpebral conjunctiva lines the ocular surface of the eyelids. Since the 
Latter are developed as integumentary folds, at first the conjunctiva resembles the 
skin, but after the temporary closure of the lids, from the middle of the third month 
aintil shortly before birth, it loses its original character, and later, bathed continu- 
«ously with the secretion of the tear-gland, assumes the translucently rosy tint and 
general appearance of a mucous membrane, as which the conjunctiva is often 
wsegarded. Over the tarsi the palpebral conjunctiva is so tightly adherent to the 
winderlying fibrous plate, that the tunica propria is reduced to an insignificant layer 
zand the Meibomian glands shimmer through the smooth translucent conjunctiva and 
=#Pppear as parallel yellowish stripes. On gaining the refrotarsal fossa, along the 
<oOnvex border of the tarsal plates, the conjunctiva becomes loose and movable and 
smarked by circular folds since the tunica propria, which here connects the epithelium 
with the underlying fascial tissue, is plentiful. The small tubular glands of Henle 
«>ften occupy the subepithelial tissue of this part of the conjunctiva. In the fornix 
and its vicinity minute /ymph-nodules occur normally, either discrete or in small 
wroups. Inthe same locality and at the convex borders of the tarsi, small nests of 
serous alveoli, known as accessory lear-glands, or glands of Krause, are found, being 
much more numerous in the upper than in the lower lid. 

The bulbar conjunctiva passes from the fornix onto the anterior part of the 
eyeball, over which it extends, unwrinkled but gradually thinning, as far as the 
cormeal margin, at which point (imdéus cornee) the tunica propria ends and the 
epithelium alone continues uninterruptedly over the cornea. During its passage from 
the free edge of the eyelid to the cornea, the characfer of the conjunctival epithelium 
Varies in different parts of the sac. Thus, at the border of the lids and for a few 
Millimeters over the tarsi, it resembles the epidermis in being stratified squamous. 

Ow ards the convex border of the tarsal plates the squamous type gives way to the 
Cylindrical ; in the retrotarsal fossa, throughout the fornix and for a short distance 

-5—1 mm.) over the eyeball, the epithelium is exclusively columnar, varying in 
thickness and in the number of its layers ; whilst over the cornea and adjacent parts 
Of the sclera, the epithelium is again stratified squamous. 

Vessels of the Eyelids.—The arteries chiefly supplying the eyelids are the 
Superior and inferior palpebral branches from the ophthalmic and from the lachrymal 
arteries. These form the first source, the internal palpebral, which arise either sepa- 
rately, or by a short common stem, pierce the septum orbitale a short distance above 
°r immediately below the internal palpebral ligament, and, in addition to sending 
tWigs to the lachrymal caruncle, canals and sac, pursue a tortuous course near the 

Tee margin of the lids towards the external canthus. On_ nearing the latter the 
Superior and inferior internal branches join the corresponding branches from the 
€xternal palpebral and from the lachrymal, as well as anatomosing with twigs from the 
Superficial temporal and transverse facial arteries. In this manner a farsad arch is 
Tmed in each lid along the base of each tarsus, between the latter and the orbicu- 
S$ muscle, from which perforating twigs penetrate the tarsal plates for the supply of 
the Meibomian glands and the adjacent conjunctiva. In the upper lid a less regular 
Secondary tarsal arch is formed along the convex border of the tarsus by the anasto- 
Mosis of the palpebrals and the frontal and supraorbital branches. A similar, but less 
Constant and complete, arch occurs in the lower lid. 
In consequence of the double path of escape of the blood from the orbit—through 
the ophthalmic and the facial veins—the ve7ns of the eyelids are tributaries of two 
Systems. Those from the deeper structures (conjunctiva, Meibomian glands), the 
retrotarsal veins, empty into the branches of the ophthalmic, while those draining the 
More superficial parts of the eyelid, pretarsa/ veins, are tributary to the frontal and facial 
vans medially and to the supraorbital and superficial temporal laterally. Since not 
only the supraorbital, but also the frontal veins communicate with the ophthalmic 
system, the blood is carried off by way both of the orbital and facial channels. 

The /ymphatics of the eyelids are arranged in two sets, a pretarsal and a post- 

tarsal, the net-works of which are connected by vessels which pierce the tarsi. The 
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producing entropion. The eyelids become cedematous or ecchymotic from slight 
«causes, and in erysipelas are markedly swollen, closing the lids, or in severe cases 
smay become gangrenous, the exudate interfering with the blood-supply. 

Herpes zoster is sometimes seen along the cutaneous distribution of the frontal 
and nasal branches of the trigeminal nerve. It is found on the forehead, lids, nose, 
and even the cornea. The iris, ciliary body, or choroid may be involved, since 
through the lenticular ganglion, the nasal nerve supplies these structures. The 
<ause is an inflammation of the trunk of the trigeminal nerve, the Gasserian ganglion, 
or the lenticular ganglion. 

Hordeolum or stye is a suppuration of one of the sebaceous glands (Zeiss’s 
glands) associated with the follicles of the eyelashes. A chalazion is an affection of 
one of the Meibomian glands, with occlusion of the duct and retention of the secre- 
tion, There is often no inflammation present. For this reason, ‘and because of 
i€S situation on the under surface of the tarsal cartilage, it is often not noticed 
arntil it reaches considerable size and shows through the lid. Normally the cilia or 
©yelashes curve away from the surface of the eyeball. Sometimes from inflammation, 
most commonly in trachoma or granular lids, they take the opposite direction and 
irritate the cornea (trichiasis or wild hairs). 

The Conjunctiva.—Congenital fatty growths occur rarely in the outer part of 
the upper conjunctival sac. Dermoids and nevi have also been seen in the con- 
Junctiva. This membrane covers the anterior third of the eyeball, and where it passes 
tothe lids forms the fornices. Because the upper fornix is deeper than the lower, 

eimg therefore turned less easily, foreign bodies are removed from the upper sac 
with greater difficulty. These particles strike first on the surface of the globe, and 
are usually brushed down into the lower sac by the upper lid. They frequently, 
\Ow-ever, catch in the conjunctiva of the ball or of the upper lid, and are held in the 
Conjunctival sac only when they get above the upper retro-tarsal fold, where, if not 
T€moved, they may set up a chronic inflammation, or remain unnoticed. They 

‘Ve béen found there months or even years afterward. entirely embedded in the 
outgrowths of the inflamed conjunctiva (Fuchs). 

. A pterygium is an elevated layer of conjunctiva and subconjunctival tissue, 
‘iangular in shape with its apex near the edge of the cornea, and its base usually 
towards the inner canthus. It tends to progress towards the pupil, but may stop 
anywhere short of it. 

A pinguecula is a yellowish elevation of conjunctiva, to the inner side of the 
COrnea, sometimes to the outer side. It corresponds to the part of the conjunctiva 
COnstantly exposed in the interpalpebral fissure, which therefore undergoes a change 
™ structure. That at the inner side is most marked and may become a pterygium later. 

The scleral portion of the conjunctiva is loosely applied to permit of free motion 
Of the ball. Near the margin of the cornea it becomes more fixed, and should be 
Caught there by the forceps in the effort to fix the eye when operating upon it. The 

Palpebral portion is more firmly attached, especially at the back of the tarsal plates 
Where it is more vascular, and where paleness is taken to indicate a general anzemia. 

In fractures of the base of the skull involving the roof of the orbit the hemor- 
thage into the orbital tissues shows first under the conjunctiva of the globe (subcon- 

Mnctival ecchymosis). It finds its way under the conjunctiva of the lids later because 
that is more firmly attached, and unless the lid is lifted, it will first be noticed at the 

Maryin of the lid, after which it may grow upward under the skin. This is due to 

the fact that the orbito-tarsal or palpebral ligament passes between the margin of the 

ot and the upper edge of the tarsal plate like a curtain and prevents the progress 
of the blood forward to the skin until it has first passed down behind the tarsal plate 
and under its lower margin. Owing to the thinness of the conjunctiva, oxygen per- 

Meates it more readily than it does the skin, so that blood under it retains its redness 

stead of becoming dark, as under the skin of the lid in ordinary ‘ black eye."’ 


THE EYEBALL. 


The eyeball is situated in the anterior part of the orbit, about 2 mm. nearer 
the lateral than the nasal wall, and slightly nearer the superior than the inferior 
wall. A line drawn from the superior margin of the orbit to the inferior is tangent to 
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© wmicrophthalmos) and situated deep in the orbit near the optic foramen. The patient 
«x22 otherwise be entirely normal ; or other developmental errors, as hare-lip or 
<ett-palate may be present. In some instances where no eyeball was found, the 
«<>» Pic nerve had not entered the orbit, and in others the chiasm had not formed, the 
inary optic vesicle having failed to develop. 

Multiple eyes occur in some monsters. As digits sometimes bifurcate to form 
= pernumerary digits, so the cephalic end of the embryo may divide, giving rise to 
te oheads. These may fuse, when, according to the extent of fusion, there will be 
four, three, or two eyes; or if both the orbits and the eyes fuse there may be 
only one eye (cyclopia). 

The actual size of the eye in man varies little, the apparent size depending 
chiefly upon the projection from the orbit and the part exposed between the lids. 
The variation in different animals depends rather upon the necessity for acuteness of 
vision than upon the size of the animal. The larger the globe the farther the cornea 
and lens from the retina, and : 
therefore the larger and 
more distinct the image on a8 
the retina of the object seen. 

he more active the animal 
the greater is the necessity 
for acuteness of vision, and 
therefore the larger the eye. 
© eyes of birds are pro- 
POrtionally larger than those 
of other animals. Nocturnal 
animals, such as the owl, 
ve large eyes. The large 
f€tinal image probably com- 
P€nsates for the scarcity of 
light, to which they are 
accustomed. 
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The Sclera.—The 
SClera, or sclerotic coat, is 
a firm, dense fibrous coat 
Which forms the posterior 
four-fifths of the outer coat 
Of the eye, being closely con- 
N€cted with the sheaths of 
the optic nerve posteriorly, : 
Chet joining in front with Section of three cow of sreettn soen below wcleras aero Papas 

‘© cornea. In the neigh- 
borhood of the optic nerve it measures 1 mm. in thickness, and gradually becomes 
thinner toward the equator, until, just posterior to the attachment of the tendons 
Sf the ocular muscles, it measures only .4 mm. After receiving the expansions 
of these tendons it again becomes thicker and reaches a thickness of .6 mm. In 
Shiiren and in individuals who have thin sclerse and deeply pigmented eyes, 
st sclera possesses a bluish white color, while in ‘old aye it assumes a yellowish 
pn&e. The optic nerve passes through this tunic at a position 1 mm. below and 
‘Om 3-4 mm. to the inner side of the posterior pole of the eve; the canal is 
Partially bridged over by interlacing fibrous bundles. the /amina cribrosa, which 
8re intimately associated with the supporting tissue of the nerve. Grouped around 
a © nerve entrance are small openings for the ciliary nerves and posterior ciliary 
heres: and toward the equator four or five for the vena vorticose which emerge 

©m the choroid. 

_ Structure of the Sclera.—The sclera is composed of interlacing bundles of 
White fibrous tissue, which on the outer and inner surface have chiefly a meridional 
“irection, while the central bundles form a fairly regular alternation of circular and 
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irritating conditions a superficial inflammation may develop, covering the cornea with 
a new vascular tissue (pannus), the deeper layers still being bloodless. Owing to a 
very free nerve-supply the cornea is very sensitive. 

As in the sclera, weakness of the cornea leads to bulging, from internal pressure. 
The causes of weakness may be congenital and acquired. Congenital conical cornea 
or Aerataconus may occur, and it is believed that some congenital defect bape eo 
to the same condition that occurs in the adult, It is not due to weakening from 
vious ulceration or injury of the cornea, and the exact cause is not known. 

A staphyloma of the cornea is a similar condition in which the protuberance is 
due to the distention of a cicatrix, to the posterior surface of which the iris may be 
attached (anterior synechize oi the iris),  cicatrix involves all the layers of the 
cornea, and is the result of a perforating ulcer. If the ulcer had been a non- 
forating one, and the iris did not adhere to its posterior surface, the protrusion of the 
cornea would then be called a 4eratectasia, 

Ij all the layers of the cornea to the posterior elastic lamina had been destroyed 
by the ulcer, and this layer had bulged through the weakened spot like a hernial 
pouch it would be called a Leratocele. 

Arcus senilis is usually a sign of old age. Modern investigation indicates that it 
is due to a fatty degeneration of the substantia propria, the exact nature of the fatty 
material being unknown. — It first appears as a crescent above, then below, and finally 
a complete circle is formed. It never interferes with sight. It is occasionally seen 
in children. 

Tue VascuLcar Tunic, 


The middle or vascular coat of the eye (tunica vasculosa oculi), or wvea/ tract, 
consists of a vascular connective tissue sheath, which lies internal to the outer fibrous 
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Tajected eyeball, showing arrangement of ciliary arteries and of choroidal veins. © 3. Drawn from 
Preparation made by Professor Keiller. 


tunic. It extends from the entrance of the optic nerve to the pupil and meee 
three portions, which from behind forward are the choroid, the ciliary body 
iris. The choroid and ciliary body are in contact with the sclera, but the iris ae 





1456 HUMAN ANATOMY. 
Structure of the Choroid.—The choroid consists of four layers, which from 


without eae: are: (1) ie sonra suprachorividea, @) the rye » which 
contains the vessels, iocapillaris, fin ies, and 
(a) the larger (3) the choriocapi or layer € 


The lamina suprachorioidea forms the outer boun of the choroid and 
connects it with the sclera. It is composed of interlacing bundles of fibrous connec- 
tive tissue, which are s by a rich net- 
Fic. rat. work of elastic fibres. The cellular elements 
consist of (2) flattened endothelial plates, which 
line the lymph-clefts and cover the connective 
tissue trabeculze connecting the choroid and the 
sclera by traversing the suprachoroidal lymph- 
space ; and (4) large, irr y branched con- 
nective tissue cells, the chromatophores, which 
are conspicuous on account of their deeply 
pigmented protoplasm. The lamellae of the 
suprachoroid continue, without definite boun- 
dary, into the subjacent choroidal stroma. 

The choroid proper, as the choroidal 
stroma is called, has the same general structure 
as the suprachoroidal layer, but the connective 
tissue elements are denser and support a large 
number of blood-vessels, between which are 
placed the stellate chromatophores. The 
Portion of injected choriocapillaris layer of vessels occupy the outer part of the coat, and 

are chiefly venous. They are surrounded with 

: ivascular lymph-sheaths, and converge in peculiar whorls to form four or five 

Lage trunks, the ven@ vorticose, which pierce the sclera in the equatorial region and, 
running obliquely backward, drain not only the choroid, but partly also the ciliary 
body and iris. The arteries are derived from the short ciliary vessels, which pass 
through the sclera near the optic nerve. 
They lie internal to the veins and their Fig, 1212, 
walls contain longitudinally disposed muscu- 
lar fibres in addition to the customary cir- 
cular ones. 

The choriocapillaris, or membrane of 
Ruysch, is composed of the fine capillaries 
of the choroidal yessels, which form an 
extremely fine mesh-work embedded within 
a homogeneous, nonpigmented matrix. 
Between the choriocapillaris and the layer of 
larger vessels is a narrow boundary zone of 
closely woven fibro-elastic strands, which is 
nearly free from pigment. In some animals 
this layer possesses a peculiar metallic reflex 
and is known as the fapefum fibrosum ; in 
carnivora its iridescent appearance is due to 
the presence of cells containing minute crys- 
tals (tapetim cellulosum). 

The membrana vitrea, or membrane 
of Bruch, the innermost layer of the choroid, 
measures only .o02 mm. in thickness. It 
separates the choriocapillaris from the Anterior part of sagittally sectioned. eye-ball, 
retina and is composed of two strata, an showing ii. eiaty processes and ting and ora 
inner homogeneous one, probably an exu- WO 
dation product of the retinal pigment cells, and an outer highly elastic portion. 

The /vmphatics of the choroid are represented (1) by vessels which begin in the 
lymph-spaces between large blood-vessels, and are in communication with the spaces 
between the suprachoroidal lamella, and (2) by the perivascular lymph-spaces of 
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pig mented cells, but in the white races is free from pigment. In hyperopic eyes the 
circular bundles are usually better developed than in myopic ones. 

The dlood-vessels of the ciliary body arise from the anterior and the long ciliary 
arteries. They form a ring around the root of the iris, the circulus arteriosus tridis 
mayor, from which vessels are sent inward to supply the iris, ciliary muscle and 
cilazary processes. The veins from the ciliary muscle empty chiefly into the anterior 
cilizary veins; those from the ciliary processes, and a few from the ciliary muscle pass 
backward and become tributary to the vere vorticose. 

The xerves of the ciliary body are derived from the anterior branches of the long 
anc’ short ciliary nerves, which form an annular plexus within the ciliary muscle. 
Fouar sets of fibres probably exist : (1) sensory fibres, largely subscleral in distribu- 
tioma ; (2) vasomotor fibres running to the blood-vessel walls ; (3) motor fibres sup- 
ply- a ng the muscle bundles; (4) fibres terminating within the interfascicular tissue of 
the ciliary muscle. 


- Practical Considerations.— Congenital coloboma of the choroid, as of the 
ins. usually occurs in the lower part, along the line of the fcetal ocular cleft. In the 
deff<=ct the sclera shows pearly white through the ophthalmoscope, with here and 
the-x-e a little pigment and a few ciliary vessels. The retina is frequently absent, but 
its <sccasional presence explains why this area is not always blind. 

In acute exudative inflammation of the choroid, foci of inflammation are seen 
Sc& t tered over the fundus, and are characteristic. They form yellowish spots between 
thee choroid and retina, and are later converted into connective tissue, binding the 
che>,roid and retina together. The two layers become atrophic finally, the layers of 
Tociss and cones disappearing. The exudate may extend into the retina and even into 
the vitreous, producing opacities. 

Sarcoma is the common tumor of the choroid and is usually pigmented. 

Carcinoma of the choroid is always a metastatic growth, usually a metastasis from 
4 @zarcinoma of the breast. Adenoma, angioma, and enchondroma of the choroid 
han e been described. 


. .. The Iris.—The iris forms the anterior segment of the vascular tunic and is 
“sa Ble through the cornea. Slightly to the inner side of its centre is placed an 
*PE> woximately circular 
°P«=> ming, the pupil. The Fic. 1216, 

Pea & phery of the iris, Or = Pupillary margin Anterior endothelium Stroma of iris 

cil =ary border, is attached 
'0 & The ciliary body behind 
a receives fibres from 
the pectinate ligament an- 
te-& erly. The free border. 
ie Reh forms the margin = eB dee o> Syed 
th The pupil, rests upon a er at Dat 

‘= anterior surface of the : : 


lems The iris measures 


al 





1 1 1 Sphincter muscle Pigmented pars iridica retine 

mm. in diameter and Section of pupillary end of iris. + 210. 

wt .4 mm. in thick- 

tess, The pupil varies from 1-8 mm. in diameter. The color of the iris, viewed 
fo wa, in front, varies in different individuals and gives the color to the eyeball. It is 
dey endent partly upon the amount of pigment within the iris stroma, and partly 
4 n the density of the pigmentation of the cells on its posterior surface. In light 
dhae eyes, the stroma contains very little pigment and the posterior pigment layer, 
*© 0 through it, gives it a bluish tint; whereas in brown cyes the stroma contains so 
MAch pigment that the posterior pigment layer is totally obscured and the iris appears 
<>wn. The anterior surface is marked by a number of fine, radiating lines, or ridges, 
Which indicate the position of the blood-vessels. Concentric to the pupillary margin, 
at_a distance of from 1-2 mm., is an irregular ridge, the circulus arteriosus iridis 
Minor, which divides the iris into a pupillary and a ciliary cone which are oiten differ- 
tly colored. The pupil is surrounded by a narrow black border. The posterior 
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The nerves of the iris are branches of the ciliary nerves. They follow the course 
ef the blood-vessels and, branching, form a plexus of communicating nonmedullated 
fabr-es, which supply sensory, motor and vasomotor unpulses. The human iris prob- 
abl y contains no ganglion cells. 


Practical Considerations.—The iris may be partially or completely absent, 
when by bringing down the eyebrows and partially closing the lids, the patient 
will make an effort to shut off the excess of light, as in albinism, and the eye will 
frequently be nystagmic. 

A congenital coloboma or deficiency in the iris is usually in the lower part, and 
Maz y’ be associated with a correspondiny defect in the ciliary body and choroid. The 
pu pil may be eccentric in position (corectopia), unusually small (microcoria), 

rr @-gular in shape (discoria), or it may be represented by several pupils (polycoria). 
Ttve pupillary membrane of the foetus, covering the pupil, not infrequently persists 
for a short tinie after birth. A portion of it persisting permanently is one of the 
coswamonest congenital anomalies of the eye. ‘ 

; The color of the iris varies according to the amount and location of the pigment 
in 2&. When the coloring matter is absent from the stroma, and present only in the 
poss terior layer of epithelium, the eye is blue. If such an iris is thicker than usual 
the= opacity will be greater and the eye will tend to be grayish. When there is pig- 
Me wat only in slight amount in the stroma, the eye is greenish, and when in marked 
qu=x ntity in the stroma, the eye is brown or even black, as in negroes. The deepest 
tm &s5 of brown are usually called black. 

In albinism there is an absence of pigment in the iris, and in the other parts of 
the= body where pigment is usually found. The eyes are pinkish in color, because 
the= light enters through the tunics and is not absorbed by the choroid and retina, 
Ow-& mg to the absence of pigment in it. The retina is therefore intolerant of light, 
so that the patient tries to shut it out by screwing up the eyebrows and lids, and by 
coma traction of the iris. He will frequently show nystagmus or oscillation of the 
ey«= ball, and amblyopia, or subacuteness of vision. 

The two eyes are not always of the same color, and even in the same eye, one 
Pam of the iris may be blue and another brown (piebald iris). One eye may have 
Mts <olor permanently changed as the result of inflammation, so that the difference in 
col <r may be an important diagnostic sign of previous disease. 

2 The iris acts as a colored curtain to shut off excess of light, as more or less 
lig Bat is necessary for the definition of images. Too much light impairs the defini- 
4owa and injures the retina. The pupils are usually of equal size in health, and any 
ma x~ked inequality has a pathological significance. The iris does not hang in a verti- 
plane, but is pushed slightly forward and supported at its pupillary margin by the 
lems’ If the lens is absent or dislocated, the pupillary margin of the iris may be 
Sara to quiver with the movement of the eyes. The iris in spite of its great vascu- 
braey may not bleed much when wounded, probably because of the contraction of 
ts Sabundant muscular fibres. The iris is continuous with the ciliary body, and 
©-<ugh the latter with the choroid, the three taken together making up the uveal 
<t, or middle tunic of the eye. Any inflammation of the one may easily spread 
The others. This usually occurs, but as the inflammation is predominant in 
=. we speak of an iritis, a cyclitis, or a choroiditis, and not of the whole pro- 
as a uveitis. In an iritis the exudation which affects the stroma as well as 

thes anterior and posterior aqueous chambers can be studied by inspection. It 
thi<=Kens and discolors the iris, renders the aqueous fluid turbid, and leaves a 
sit on the contiguous surfaces of the cornea and lens. Since the pupillary 

MA wyin of the iris is in contact with the lens on the posterior surface the exudate 
G@&Wasses adhesions of this margin to the lens (posterior synechit). Since the pupil 
8 Contracted in inflammation, when these adhesions form, dilatation of the pupil 
NOfrnally or under the influence of atropine, gives rise to a very irregular pupil, 
i unattached portion dilating, the attached portions not. Sight need not be 
‘cted if the pupil is large enough. If the whole margin of the pupil is attached 
\© the lens, or the pupil is occluded by exudate, the normal flow of fluid from 
the posterior to the anterior chamber cannot take place, and glaucoma (ide supra), 


to 
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a disease due to increased intraocular tension from retention results. It is neces- 
sary, therefore, in iritis to keep the pupil dilated, so as to prevent such adhesions 
as far as possible. : 


THE Nervous TuNIC. 


The Retina.—The retina, the light perceiving portion of the eye, with its con- 
tinuation, the optic nerve, in contrast to the other sense organs represents a portiom 
of the brain itself, and develops in close connection with it. It is a delicate mem— 
brain, which extends from the optic nerve entrance to the pupillary border. The 
functionating portion, or pars optica retin, reaches as far forward as the ora serrata, 
where it terminates as an irregular, wavy line ; anterior to this the retina is repre— 
sented by an atrophic portion, consisting of the double layer of cells covering the 
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Diagram illustrating structure of retina and relations of three fundamental layers. (Greeff.) 


ciliary body and the iris, already referred to in the description of these structures, 
and known respectively as the pars ciliaris retina, and pars iridica retine. 

The pars optica retine is closely applicd to the inner surface of the choroid 
and is in contact with the hyaloid membrane investing the vitreous body. It: grad- 
ually diminishes in thickness from .4 mm, at the posterior pole to .1 mm. near the 
ora serrata, During life the membrane is transparent and possesses a purplish red 
color, owing to the presence in its outer layers of the so-called visual purple ; alter 
death the retina rapidly becomes opaque and has the appearance of a grayish veil. 
The inner surface is smooth and presents at the posterior pole of the eye, a small 
circular or transversely oval yellow spot, the macula lutea, from 1-2 mm, in diam- 
eter. At the centre of the macula is a small depression, the fovea centralis, from 
.2=.4 mm. in diameter, in which position the retina is reduced in thickness to. mm. 

The entrance of the optic nerve forms a conspicuous spot of light color, situated 
3mm. to the nasal side of the macula tutea. This arca, called the optic papilla or 
porus opticus, is in form of a vertical oval, about 1.5 mm. in its horizontal and 
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The inner nuclear layer, the most complicated of the retinal strata, measures 
.035 mm. in thickness near the optic disc. It contains nervous elements of three 
main types—the horizontal cells, the bipolar cells, and the amacrine cells—and, 
associated with these, the nuclei of the sastentacular cells. 

The horizontal cells form the external layer, and were formerly included in the 
outer plexiform layer. They have flattened cell-bodies and send out from five to 
seven dendrites, which divide into innumerable branches and, passing into the outer 
plexiform layer, terminate in close association with the bases of the rod and cone 

visual cells. Each horizontal cell possesses also an axone, which is directed outward 
through the outer plexiform layer, and ends in a richly branched arborization about 
the visual cells. A second type of large horizontal cells F 
is also described, some of which send axis-cylinder pro- Mee ABET: 
cesses through the inner nuclear layer to form terminal 
arborizations in the inner plexiform layer. The function of 
the horizontal cells is not well understood, but they prob- 
ably serve as association fibres between the visual cells. 
The dipolar cells, the ganglion cells of this layer, 
are of two chief varieties, the rod-bipolars and the cone- 
bipolars. They are oval cells, each sending an axone 
inward toward the inner plexiform layer, which ends in 
communication with the large nerve-cells of the ganglion 
cell layer, and a dendrite outward which is associated with 
the end terminals of the visual cells and with the arboriza- 
tons of the horizontal cells. The dendrites of the rod- 
bipolars form an arborescence of vertical: fibrils, which 
enclose from three to twenty end knobs of the rod-fibres, 
Whilst their axis-cylinders pass entirely through the inner 
Xiform layer and usually embrace the cell-body of one 
" the large ganglion cells. The dendrites of the cone- 
'POlars, on the other hand, bear horizontal arborizations 
vhich interlace with the fibrils from the foot-plates of the 
COne-cells. Their axones penetrate less deeply into the 
™MNer plexiform layer than do those of the rod-bipolars, 
qning in contact at various levels with the peripherally 
‘rected dendrites of the ganglion cells. 
th The amacrine cells are placed in the inner portion of 
ie nuclear layer. Formerly considered as sustentacu- 
ake elements, they are now recognized as nerve-cells, Visual cells, from human, ret- 
ugh, as their name indicates, no distinct axone can Avouter “and nner seems 7 
de <jetonatrated: They possess, however, richly branched mugleus | @) and Seaural ens rig 
la ritic processes, which ramify in the inner plexiform cm, position of external limiting 
@, ‘Wer and end either as the brush-like arborizations of the  X 750. (Greef.) 
awl Ms amacrines, or as the horizontally branching arborizations of the stratiform 
"™"acrines. A third type, known as association amacrines, is also described. They 
Mnect widely separated amacrine cells of the same layer ( Cajal). 

The nuclei of the sustentacular cells, the fibres of Muller, will be described later 
Cbage 1466). 
to The inner plexiform layer, .oy mm. in thickness, appears granular, similar 
bi the corresponding outer zone, and is composed of the interlacing axones of the 

"Polar, amacrine and horizontal cells from the inner nuclear layer and the dendrites 
of the large ganglion cells in the subjacent retinal layer. Intermingled with them 
are also the fibres of Miiller, which form conspicuous vertical striae, with lateral 
offshoots within the stratum. 

wi The layer of ganglion cells, consists, throughout the greater part of the 

3na, of a single row of large multipolar neurones, cach with a cell-body containing a 

Yesicular nucleus and nucleolus and showing, like many other ganglion cells of the 

central nervous system, typical Nissl bodies and a fibrillar structure. Near the 
macular region, the ganglion cells are smaller but more numerous and arranged as 
seVeral superimposed layers ; toward the ora serrata, on the contrary, the individual 
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cells are present as an irregular layer within the fused remains of the two plexiform 
layers. The most conspicuous elements are the visual cells, which in this position are 
represented solely by the cones, which have about twice their usual length and 
thickness, the increase in length being contributed by the outer segments. The 
cone-cell nuclei become removed from the external limiting membrane; the cone- 
fibres are therefore lengthened, pursue a radial direction, and constitute the so-called 
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Section of human retina through fovea centralis. >» 80. 


fibx-e-layer of Henle. Opposite the centre of the fovea, the choroid is thickened by 
an_imcrease in the choriocapillaris. The yellow color of the macula is due to a 
diffase coloration of the inner retinal layers. 

The Ora Serrata.—The visual part of the retina ends anteriorly in an irregu- 
lar line, the ora serrata. Within a zone of about 1 mm. in width, the retina dimin- 
shes in thickness from .50 to .15 mm., in consequence of the abrupt disappearance 

2€s nervous elements. The rods disappear first ; then the cones become rudimen- 
ary, and finally cease ; the ganglion cells, nerve-fibre layer and inner plexiform layer 
> and the two nuclear layers unite and lose their characteristics, most of the 
tuclei present being those of the supporting fibres of -Miiller, which are here highly 
dev oped. These elements 
COratinue beyond the ora Fic. 1224. 
Strata (Fig. 1224) as the 
arasparent cylindrical cells 
Corrs posing the inner layer of 
the ars ciliaris retine, the 
ly pigmented cells of j..0 cn 
the outer layer being a direct — Fiswented cells 
COra®inuation of the retinal 
Pigmented cells.- These two : , ' 7 . 
Stata of cells are prolonged Section of human ee nee wonananee ane nk transition of pars 
OWEx the ciliary body and the 
MS as far as the pupillary margin, over the iris constituting the pars ‘ridica retina. 
AS the columnar cells pass forward, they gradually decrease in height, and at the 
NM<tion of the ciliary body and the iris the cells of both lavers become deeply pig- 
ME wated, with consequent masking of the boundaries of the individual elements. 
= cells of the anterior layer are of additional interest as giving rise to the dilatator 
MAScle of the iris. 
The aggregation incident to the convergence of the nerve-fibres from all parts of 
retina produces a marked thickening of the fibre-layer around the optic disc, 
as the fibres turn outward to form the optic nerve the other layers of the retina, 
oR@ether with those of the choroid, suddenly cease. On the temporal side a 
‘arrow meshwork of intermediate tissue separates the nerve-fibres from the other 
tetinal strata, but at the nasal side this tissue is absent. The ganglion cells dis- 
appear first, whilst the pigmented cells, with the lamina vitrea of the choroid, 
€Xtend furthest inward. : 
The blood-vessels of the retina are derived from a single artery, the arteria 
centralis retine, which enters the optic nerve at a point from 15-20 mm. behind 
the eyeball, and, with its accompanying vein, runs in the axis of the nerve and 
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emerges slightly to the nasal side of the centre of the optic disc. Here the arte== 
divides into two main stems (Fig. 1225), the supertor and inferior papillary branchumm 
each of which subdivides at or near the disc-margin into superior and infers 
nasal and temporal branches which run respectively mesially and laterally, dividiame 
dichotomously as end arterics, no anastomosis existing, The macular region 
supplied by special macular branches, the center of the fovea, however, being fr— 
from blood-vessels. The larger branches from the central artery course within tk 
nerve-fibre layer, and send fine twigs peripherally inward to form an szner and = 
outer plexus, the former on the outer surface of the inner plexiform layer, and ti 
latter within the inner nuclear layer. Beyond the outer plexiform layer the vesse=m 
do not penetrate, the visual cells being dependent for their nourishment upon ti 
choriocapillaris of the choroid. At the nerve entrance an indirect communicaticam 
exists between the arteria centralis and the posterior ciliary arteries, through til 
medium of the small branches which constitute the circudus arteriosus Zinni. 


Fic. 1225. : 
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Normal fundus of right eye as seen with ophthalmoscope; central retinal vessels seem emerging from optic 
nerve; arteries are lighter, veins darker vessels; fovea centralis shows as light point in macular region, which 
lies in temporal field and is devoid of large vessels. 


The lymphatics of the retina are represented chiefly by the perivascular lym- 
phatic spaces which surround all the veins and capillary blood-vessels. These spaces 
may be injected from the subpial lymph-space of the optic nerve, and by the same 
method communications may be demonstrated between (1) this space and the 
interstices between the nerve bundles which converge toward the optic papilla, 
(2) a space between the membrana limitans interna and the hyaloid membrane of 
the vitreous, and (3) a narrow cleft between the pigmented cells and the layer of 
rods and cones. 


Practical Considerations.—All_ pathological conditions of the retina ap- 
pear as opacities, and thus interfere with sight. The medullary sheaths of the optic 
nerve-fibres end at the lamina eribrosa. Rarely the sheaths around these may 
extend some distance into the retina, showing as a white striated margin around 
the optic disc and continuous with it. Semetimes the blood-vessels of the retina 
may enter at the margins of the optic disc, instead of at its centre, as usual, which 
is then free of vessels and very pale. At the entrance of the optic nerve, the 
transpareney of the retina is lessened by the thickening of its  fibre-layer 


PRACTICAL CONSIDERATIONS: THE RETINA. 1469 


The integrity of the central artery of the retina is necessary to the preservation 
of sight. The braiches of this vessel are distributed to the retina only, and have 
no Communication with those of the other coats, nor do they anastomose with one 
another. If the main artery or one of its branches is plugged with an embolus, the 
area supplied by the blocked vessel is then deprived of sight. 

The retina may undergo inflammatory change in nephritis, syphilis, diabetes, 
and other constitutional diseases. Of all these inflammations of the retina, that due 
to kidney disease (albuminuric retinitis) is the most characteristic. Besides the 
signs of general inflammation, as haziness of the retina, choked disc, distended 
Tetinal arteries, or hemorrhages into the retina, pure white or even silvery patches 
often occur ; they are due to fatty degeneration. Retinitis without these charac- 
teristic changes may occur from albuminuria, so that the urine should be examined in 

Cases of retinitis. 

The retina between the optic nerve and the ora serrata is held in apposition to 
the choroid only by the support afforded by the vitreous body. It may be readily 
detached from the choroid by such causes as injury, extravasation of blood or 
Serum between the two layers, or by tumors of the choroid. 

In contusions of the eye the retina is sometimes torn alone, although this is 
fare. The retina does not tear as easily as the choroid, as is shown by the fact that 
Mm ruptures of the choroid the retina is generally not lacerated. 

Glioma is the only tumor found in the retina, and occurs exclusively in children, 
Usually under three years of age. 

A rare tumor arising from the pars ciliaris retinze has been described, to which 
the name éerato-neuroma has been applied by Verhoeff. 


_. The Optic Nerve.—The extraocular portion of the optic nerve has been de- 
Scribed elsewhere (page 1223). Likewise, the three sheaths—the dural, the arachnoid 


Fic. 1226. 
Physiological excavation Lamina cribrosa 






'— Subarachnoid space 


A wachnoidal — Subdural space 
sheath 


Central retinal vessels within optic nerve 


Section of eyeball through entrance of optic nerve. 20. 


Ancd the pial—which, with the subdural and the subarachnoid lymph-spaces, are con- 
tin wed over the nerve as prolongations of the corresponding brain-membranes ( page 
N9). On reaching the cyeball, the dural sheath bends directly outward, its fibres 

Cm mingling with those of the outer third of the sclera (Fig. 1226) ; the arachnoid 
*nds abruptly on the inner wall of the intervaginal space: whilst the pia arches 
“tward to form part of the inner third of the sclera, but sends longitudinal fibres as 
tr as the choroid. As the nerve-fibres enter the eveball, for convenience assuming 
that they are passing from the brain toward the retina, they traverse a fenestrated 
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If the lesion affect the chiasm, as from tumors of the pituitary body, periostitis 
of the body of the sphenoid bone, tuberculous or syphilitic exudate, causing pressure 
on the mesial portion of the chiasm involving the decussating fibres, the nasal half 
of each eye supplied by these fibres will be blind (heteronymous hemianopsia). 
Since the nasal half of each eye perceives the temporal half of the visual field, this 
variety of half-blindness is called d:temporal hemianopsia. 

If the optic fibres of one side in front of the chiasm are involved, the disturbance 
of vision will afiect one eye only, so that the occurrence of absolute blindness of one 
eye, without other known cause, with good sight in the other, would suggest a lesion 
in front of the chiasm. 

Inflammation of the intraocular end of the optic nerve—that is, of the offic disc, 
or Papilla—gives rise to the condition to which the name offic neuritis, or papillitis, 
ts applied, which is then recognizable with the ophthalmoscope. If in addition to 
or imadependently of the signs of inflammation there are marked engorgement, cedema, 
andi the evidence of mechanical compression, so that the swollen nerve-head protrudes 
into the vitreous beyond % to 34 mm., the phenomena of ‘‘choked disc’’ are pre- 
seat. This variety of papillitis, as well as more moderate grades of optic neuritis, 
corastitutes one of the important symptoms of brain tumor, occurring in fully 80 per 
cert. of the cases. The development of the papillitis does not necessarily depend 
upon the size of the growth, nor upon its situation, except that tumors of the 
meciulla are less apt to originate optic neuritis than those in other parts of the brain. 
Usually a bilateral condition, it is sometimes unilateral, and under such circum- 
stances it suggests that the cerebrum is the seat of the growth, and is, on the whole, 
in favor of the tumor being on the same side as the neuritis. With this exception, 

Owever, optic neuritis, although an important symptom of brain tumor, has no 
localizing significance. Other intracranial causes of optic neuritis are the various 
types of meningitis (when the ophthalmoscopic picture often appears in the form of 
the so-called ‘‘descending neuritis ’’), abscess and soft- 





€ning of the brain, cerebritis, hydrocephalus and aneu- Fic. 1228. 
rism_. In addition to the intracranial causes of papillitis, a 
this phenomenon may arise from a general infection—- fo 


for ©xample, influenza, syphilis, rheumatism, small-pox, 
etc. —and is then known as infectious optic neuritis. 
Tt iss also caused by various toxic agents, by anemia, by 
™Me€ntistrual disturbances, nephritis, and other constitu- 
Omal disorders (de Schweinitz). 

Injuries of the optic nerve are most frequently the 
Piadeastad of fractures of the base of the skull at the optic 
le seznen, the nerve being injured by the fragments. 

t_rwnaay be wounded by foreign bodies entering the orbit, 
With, or without injury of the eyeball. 


THE CRYSTALLINE LENs, 


The lens, the most important part of the refractive 
7PPartus of the eye, is a biconvex body situated on a 
hes with the anterior plane of the ciliary body, from 
San it is suspended by the suspensory ligament, or Meridional section of human lens 
272 2ale of Zinn. Its anterior surface supports the pu- and its capsule 3 anterior epithelium 
Plllary margin of the iris, and its posterior surface rests *Raauchiny ne te Seem + 7 
na depression, the fatc//ar fossa, on the anterior sur- 
face of the vitreous body. It is completely transparent and enclosed in a transparent 
tic membrane, the /ens capsule. Together with the capsule, the lens measures 
trom g-ro mm. in its transverse diameter, and about 4 mm. in thickness from pole 
'0 pole. The convexity of its two surfaces is not the same, that of the posterior 
ng greater than that of the anterior. Neither are these convexities constant, since 
they are continually changing with the variations im lens-power incident to viewing 
distant or near objects. The radius of curvature of the anterior surface is approxi- 
mately g mm. and that of the posterior surface 6 mm. when the eye is accommodated 
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passage of nutritive fluid.. The fibres are so arranged that their ends terminate along 
definite radiating striz, or /ens-stars, which in the young lens are three in number 
on each surface. In the adult lens additional rays increase the number to from six to 
nine, the strize being less distinct but distinguishable with the ophthalmoscope. The 
lens-fibres which come from the pole of one surface of the lens terminate at the end of 
one of the radial striz in the other, and conversely; the intervening fibres take up 
intermediate positions. In adult life the lens-fibres become more condensed, the lens 
loses its clear appearance, and assumes a yellowish tint. This change affects the 
nucleus first and the periphery later, coincidently the lens becoming less clastic as 
the result of its loss of water. 


Practical Considerations.—The lens may be congenitally absent (aphakia), 
or it may be abnormal in size, shape, position, or transparency. Its anterior or 
posterior surface may be abnormally convex (lenticonus). Congenital anomalies of 
position (ectopia lentis) occur rarely. The lens may remain in its foetal position in 
the vitreous chamber, or it may be displaced in an equatorial direction from faulty 
development and weakness of some part of the suspensory ligament. This weakness 
usually occurs below so that the lens moves upward. The ligament may be absent in 
its whole circumference, when the lens may be protruded into the anterior chamber. 

Coloboma or partial deficiency of the lens is very rare. It is with comparative 
frequency associated with a similar defect in the iris, ciliary body and choroid, and, 
like it, is usually in the lower portion. A defect of the corresponding part of the 
suspensory ligament is occasionally present. 

Traumatic luxation of the lens may take place into the vitreous or aqueous 
chamber. It may occur laterally through the coats of the eyeball into the capsule 
of Tenon or under the conjunctiva. That into the vitreous is most frequent. 

The capsule of the lens is strong and elastic. It is at the same time brittle, 
breaking like thin glass when torn as by a sharp instrument. For this reason it is 
sometimes called the vitreous membrane. The anterior layer of the capsule is con- 
siderably thicker than the posterior, and is more liable to pathological changes, pro- 
ducing opacities. Wounds of the capsule permit the aqueous fluid to reach the lens 
fibres, which then become swollen, opaque. and finally disappear from the dissolving 
action of the aqueous. Advantage of this is taken in the needling operation (dis- 
cission ) for the removal of a cataract. 

In children the lens substance is of nearly equal consistency throughout, but as 
age advances the central portion becomes gradually more condensed, and is called 
the nucleus. A well-marked nucleus, however, does not exist until adult life. In 
old age the lens loses its elasticity so that the changes necessary for accommodation 
are interfered with, and sight is disturbed. The hardened nucleus permits a greater 
reflection of light than the outer portion, so that the lens is more readily seen in 
older people, and the pupil loses more or less its blackness. 

A cataract is an opacity of the lens, or its capsule, but that of the Jens is so 
much more common than that of the capsule, that by the word cataract the lenticular is 
usually meant, unless the word is otherwise qualified. All cataracts are at sometime 
partial, and they are called according to their location, anterior polar or capsular, 
posterior polar or capsular, central or nuclear, lamellar, perinuclear and cortical. 
Cataract occurs sometimes in the young, and is then soft: that is, the lens has no 
nucleus. 


THe Vitreovs Bony. 

_ The vitreous body ‘corpus vitream) fills the space between the lens and the 
retina, being in close contact with the retina and acting as a support to it as far 
forward as the ora serrata. Here it becomes separated from the retina and passes to 
the posterior surface of the lens, presenting a shallow depression, the fossa hya- 
loidea or patellar fossa, on its anterior surface for the reception of the lens. The 
fresh vitreous is a semifluid, perfectly transparent mass which consists of about 98.5 
per cent. of water. 

The structure of the vitreous has been a subject of protracted dispute, but 
recent investigations have established beyond question that it possesses a framework, 
93 
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«an be exactly localized by the X-ray, and if of iron or steel, may often be removed 
by a magnet. The accident is always serious and may be followed by a virulent 
inflammation, demanding an excision of the globe to prevent a sympathetic involve- 
ment of the other eye. Because of the risk of infection and loss of fluid, operative 
interference in the vitreous chamber is usually to be avoided. 

Sympathetic ophthalmitis, or more accurately, infective irido-cyclitis, or uveitis, 
is an inflammation of one eye, usually called the ‘‘ sympathizer,’ owing to injury or 
disease of the fellow eye, usually called the ‘\ excifer..’ Traumatisms of the ciliary 
region (danger zone) which have set up an irido-cyclitis or uveitis are responsible 
for fully 80 per cent. of the cases of so-called sympathetic inflammation. This 
disease was formerly supposed to be due to reflex action through the ciliary nerves, 
and this theory in a modified form is still maintained by a few clinicians. The *‘ mé 
gration theory’’ propounded by Leber and Deutschmann that the inflammation is a 
progressive process in the continuity of the tissue of one eye to the other by way 
of the optic nerve apparatus and is of bacterial origin, has not been proved. It is 
believed by some investigators that the bacteria which enter the primarily affected 
eye produce a toxin which causes the disease, and by others that it represents an 
endogenous infection produced by invisible bacteria, that is, that it is a metastasis 
(de Schweinitz). 


THE SuSPENSORY APPARATUS OF THE LENS, 





The lens is held in position by a series of delicate bands, which pass from the 
vicinity of the ora serrata over the ciliary processes to be attached to the periphery 
of the lens. These 


fibres collectively con- FIG. 1233. 

stitute the suspen- : 

sory ligament, or = git BOMBS 8 pene 
zonula of Zinn, a Canal of Schlemum, —~ 


Sclera, 
\ 


structure of impor- 
tance not only for the 
support of the lens 
but also in assisting 
the ciliary muscle in 
effecting the changes 
in the curvature of 
the lens incident to 
accommodation. The 
zonula is not, as for- 
merly believed, a con- 





Ciliary Ciliary Suspensory - i 


tinuous membrane, muscle processes ligament of lens Wi y 
but is composed of a Wa SANS 
complicated — system Lens —__Saees 
of fibres. The latter, MEAS 


varying in thickness 
from .00§—.022 MM., —sgeridionatl section of ciliary rexi ving ciliary processes 

4 S a i ciliary region, showing ciliary processes and suspensory 
arise chiefly from the ligament of lens.” = 20. 
cuticular membrane 
covering the pars ciliaris retin: in the vicinity of the ora serrata. The investigations 
of Retzius, Salzmann and others indicate that some fibres arise also from the mem- 
brana limitans interna of the pars oftica retina, whilst others pass into and end 
within the vitreous body. The greater number of the fibres pass forward chiefly in 
the depressions between the ciliary processes, and along the sides of the latter, closely 
applied to the surface; they then proceed outward across the circumlental space to 
be attached to the capsule of the lens. Some of the fibres are inserted anterior to 
the equator, others posterior to the equator, and some directly into the lens margin. 
Those inserted anteriorly arise behind and chiefly from the valleys between the ciliary 
processes, whilst those inserted back of the equator come from the ciliary processes 
in front. As they diverge to gain their insertion in the lens-capsule, the crossing 
fibres enclose an annular space, triangular in section, whose base is directed toward 
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as Glaucoma is a disease due to excessive intraocular tension which, unless re- 
Aa ved, progressively increases until the eye is destroyed, and which almost always 
MM volves the other eye. The abnormal tension is the result of disturbance in the 
“= urflow of the intraocular fluid. This fluid is an exudation from the blood-vessels of 
"w&_he ciliary body. From the posterior chamber the fluid passes through the pupil to 
“She anterior chamber. It then escapes in the angle formed by the iris and cornea 
y passing through the lymph-spaces in the ligamentum pectinatum and by diffusion 
vweaches the canal of Schlemm. Thence it passes out by the anterior ciliary 
veins. Obstruction in the path of this current occurs usually either in the lymph- 
<hannels of this region, or at the pupil from adhesion of the whole pupillary margin 

to the lens, or from occlusion of the pupil by inflammatory exudate, in iritis. 

Iridectomy frequently gives relief in both varieties ; in the former by opening 
up the lymph-spaces near the corneal angle of the anterior chamber, the incisions 
being carried well into this angle; in the latter by making a new opening for the 
current between the posterior and anterior chambers. 

The symptoms, like the cause, may be explained largely upon an anatomical 
basis. The venz vorticose pass obliquely through the sclerotic and are therefore 
compressed and obstructed by the distension. Their blood is then compelled to 
escape through the anterior ciliary veins, which penetrate the sclerotic more at a 
right angle, and are consequently distended. C&dema of the cornea results causing 
a superficial haziness. The cornea is insensitive from paralysis of the anterior ciliary 
nerves. Usually the anterior chamber is shallow because the lens and iris are pushed 
forward by the obstructed fluid behind, and the ciliary nerves being paralyzed the 
pupil is dilated and immobile. giving a staring expression. The optic disc is at first 
hyperzmic, and is consequently markedly depressed from the intraocular tension, 
giving rise to one of the most important symptoms, pathological cupping of the disc, 
or the glaucomatous cup. The great pain in glaucoma is duc to compression of the 
sensory nerves of the ciliary body and iris against the unyielding sclera. The 
distended retinal veins can be seen through the ophthalmoscope. 

A condition analogous to glaucoma, 4ydrophthalmos, occurs in children, and is 
either congenital or acquired very early in life. Unless relieved it almost always 
produces blindness. 


THE LACHRYMAL APPARATUS. 


The lachrymal apparatus consists of the gland secreting the tears, situated in the 
anterior and outer portion of the orbital cavity, and the system of canals by which 
the tears are conveyed from the mesial portion of the conjunctival sac to the inferior 
nasal meatus. 

The lachrymal gland (glandula lacrimalis), resembling in shape and size a 
small almond, consists of two fairly distinct parts—the superior orbital portion and the 
inferior palpebral or accessory portion. The former occupies the fossa lacrimalis in 
the frontal bone and is the larger portion. It measures 20 mm. in length, 12 mm. 
in breadth and reaches from the edge of the superior palpebral muscle, along the 
upper margin of the orbit to the suture between the frontal and malar bones. The 
upper convex border is attached to the periosteum of the fossa by means of a number 
of bundles of connective tissue, which are inserted into its capsule. Below, it rests 
upon a fascial arch, which runs from the trochlea to the fronto-malar suture. 

The lower or palpebral portion of the gland, glandula lacrimalis inferior, is 
somewhat smaller than the upper and separated from the latter by the fascial 
expansion already mentioned. Its lower concave surface rests upon the fornix of 
the conjunctiva, extending laterally almost to the outer canthus. 

The ducts from both portions of the gland are exceedingly fine, those from the 
upper portion, from three to six in number, passing downward through the inferior 
portion. Some of the ducts from the lower gland join those coming from above : 
others run independently, in all about a dozen ducts opening into the conjunctival 
sac along a line just in front of the fornix. In structure the glands correspond to 
the tubo-alveolar type, and resemble the serous glands in their general character. 
The acini of the lower portion are separated by robust septa of connective tissue. 
which contain considerable lymphoid tissue. 
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The sac is about 15 mm. long, and 5-6 mm. in diameter when distended. It is 
situated near the inner canthus and lies within the deep lachrymal groove between 
the superior maxillary and the lachrymal bone. Its closed upper end, or fundus, 
extends beneath the internal tarsal ligament and some of the fibres of the orbicularis 
palpebrarum, whilst its orbital surface is covered by the fibres of the latter muscle, 
which spring trom the lachrymal bone and are known as the fensor farsi or Horner’ s 
muscle. The lower end of the sac narrows where it passes into the nasal duct. The 
wall is lined with a double layer of columnar epithelial cells, which in part are 
provided with cilia. It is composed of fibro-elastic tissue and is loosely connected with 
the periosteum. 

The nasal or naso-lachrymal duct, the lower portion of the tear-passage, is 
situated within the bony canal formed by the superior maxillary, lachrymal and infe- 
rior turbinate bones. It varies in length from 12-24 mm., according to the position 
of the lower opening, ahd is from 3-4 mm. in diameter. Its 
direction is also subject to individual variation, but is slightly Fic. 1236. 
backward, as well as downward, and is usually indicated by 
a line drawn from the inner canthus to the anterior edge of 
the first upper molar tooth. The duct opens into the lower 
nasal meatus, at a point from 30-35 mm. behind the poste- 
rior margin of the anterior nares. The aperture may be 
imperfectly closed by a fold of mucous membrane, the so- 
called valve of Hasner (plica lacrimalis). The structure 
of the duct includes a lining of mucous membrane which is 
clothed with columnar epithelium and may contain glandular 
tissue in the lower portion. The mucous membrane is sep- 
arated from the periosteum by areolar tissue and a venous 

lexus ; it may present additional folds, resembling valves, 3 
the best furked of which is situated at the function of the cansiculiy, 5. lachrymal ‘ae? 
sac and the duct. Fee een aust snake 

The arteries supplying the lachrymal duct are from the ; 
nasal and the inferior palpebral. The large and numerous ve/vs mostly join the 
nasal plexus and empty into the ophthalmic and facial. The nerves are derived from 
the infratrochlear division of the nasal branch of the ophthalmic. 





Practical Considerations.—The most frequent congenital error of develop- 
ment in the lachrymal apparatus is found in connection with the canaliculus. It 
may be entirely absent, or, what is more common, may appear only as a groove, 
the edges having failed to unite. This union of the edges may occur only in part, 
so that the canaliculus may have two or more openings. 

The lachrymal gland is rarely the seat of inflammation. Hypertrophy or 
enlargement may be congenital or syphilitic. Prolapse or dislocation forward may 
occur so that the gland can be seen or felt below the upper outer margin of the orbit ; 
it has been excised in extreme cases. Cysts are duc to occlusion of one or more ducts. 

The ducts of the gland open into the outer third of the upper conjunctival 
fornix, and the tears sweep over the front of the eye towards the puncta under the 
influence of gravity and the contractions of the orbicularis muscle. The lower 
punctum is frequently everted so that it no longer dips into the lacus lacrimalis, and 
the tears, instead of finding their way into the normal passage, flow over the lower 
lid on to the check (epiphora). — This is usually the first step in the development of 
ectropion or turning out of the lid (aide supra). When the eversion cannot be cor- 
rected, the canaliculus is usually slit up on its posterior side so as to form a groove 
dipping into the lacus, from which the tears may again be taken up by the natural 
passages. The most common cause of epiphora is obstruction of the lachrymal 
passages. This occurs most frequently at the junction of the lachrymal sac and 
nasal duct, which is the narrowest part of the duct. The method of correcting such 
an obstruction is by the use of sounds, which are passed from the punctum with or 
without first slitting the canaliculus. The rule is to slit the canaliculus when the sound- 
ing is to be kept up for any Jength of time, but if it is performed for diagnosis only, 
the slitting is not done. The upper canaliculus is shorter but narrower than the lower, 
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which is usually selected, as there is less danger of laceration of the lining mucous 
membrane leading to narrowing or occlusion of the canaliculus by scar tissue. 

Congenital fristule sometimes result from non-closure of the groove from which 
the sac and nasal duct are formed. The lachrymal sac is situated at the inner side 
of the inner canthus, behind the inner palpebral ligament, which is the best guide to 
it, and crosses about the junction of the upper and middle thirds of the sac. 

A collection of mucus or pus in the lachrymal passage is usually in the sac, and 
when not otherwise relieved, it tends to discharge itself through the skin below 
the tendo-oculi, and frequently lower than the level of the sac. The abscess is 
therefore opened below the tendon and external to the inner edge of the lachrymal 
groove. 

The /ine of the sac and duct, taken together, is approximately from the inner 
canthus to the space between the second premolar and first molar teeth. It opens 
below into the inferior meatus of the nose, just below and beliind the anterior end of 
the inferior turbinate bone, which conceals it from view at the anterior naris. The 
sac and duct form a slightly curved line with its convexity backward, and its course 
downward, backward and slightly outward. To pass a probe along the lachrymal 
passage, the lower lid is everted by the thumb so that the punctum may be seen. 
The probe should be entered into the punctum vertically. It should then be turned 
horizontally and passed through the canaliculus to the inner wall of the lachrymal 
sac. It is then made vertical and passed along the duct—.¢., downward, slightly 
backward, and outward to the nose. 


DEVELOPMENT OF THE EYE. 


The development of the eye begins as a lateral diverticulum which very early appears on 
either side of the fore-brain (Fig. 911). These outgrowths, the primary optic vesicles, are 
hollow and directly communicate with the general cavity of the primitive brain by means of 
the optic stalks, which are at first broad, but later become narrowed. As the development 
proceeds, the transversely placed optic stalks gradually assume a more oblique axis, and, after 
the differentiation of the fore-brain into its two subdivisions, open into the diencephalon or 
inter-brain. The primary optic vesicle expands until it comes into contact with the surface 
ectoblast. The next important step is a thickening of the wall of the vesicle where it is in con- 
tact with the ectoblast (Fig. 1238), In consequence of the rapid multiplication of its cells, 
this portion of the wall becomes invaginated and, as a result, the cavity of the primary optic 

vesicle is gradually obliterated, the application of 

Fic. 1237. the invaginated portion of the wall to the inner sur- 

face of the uninvaginated part of the vesicle bringing 

about the formation of a cup-shaped structure pro- 

vided with a double wall. This cup is called the 

secondary optic vesicle and from it the retina is 

; developed, which must be considered, therefore, asa 
Brits modified portion of the brain itself. 

Coincidentally with the invagination of the optic 
vesicle, the overlying ectoblast undergoes active 
4 proliferation and pushes into the space vacated by 
Optic the receding invaginated wall, thus producing a 

depression known as the lens-pit. The lens-pit (Fig. 

1238) deepens and becomes cup-shaped ; the edges 

of its anterior walls approach each other and then 

fuse, and in this manner form a closed sac, the lens- 

Saeee Homi Opue Veale head ofearly rinbit vesicle. This remains for a time connected with the 

Dram-vesicle, + 40. surface ectoblast, but later becomes separated from 

itand forms an isolated sac of epidermal tissue, which, 

by the proliferation of its cells, becomes converted into a solid structure and constitutes the 

crystalline lens. At first the lens-vesicle fills the cavity of the optic cup completely, but with 

the deepening of the latter, a space appears between its anterior wall and the lens-vesicle, 

which gradually widens and forms the vitreous cavity. The space between the lens-vesicle 

and the ectoblast is invaded by a process from the surrounding mesoblast, which pushes in 

from the side. From this ingrowth is developed the cornea, with the exception of the surface 
epithelium, and the stroma of the iris. 

Almost from the first appearance of the invagination of the primary optic vesicle, the 
invaginated portion of the wall exhibits a marked tendency to proliferation of its cells. The 
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Development of the Retina.—As already pointed out, the retina develops from the w: 
the optic vesicle, the pigmented layer being derived from the uninvaginated outer wall, th 
ment appearing early and first near the anterior margin of the optic cup; the remainder « 
retina comes from the rapidly growing cells of the inner wall. The first cells to be differen 
in the nervous portion of the retina are the spongiod/as‘s which develop into the supp 
neurogliar fibres, the fibres of Afiller. Thes 

Fic. 1240. strengthened by the addition of mesoblastic elen 
vee which enter the inner layers along with the t 
vessels. The neuroblasts develop from cells « 

— Outer layer correspond in position to those of the extern: 







“4 Re, inner layer clear layer. As they divide, the cells are disg 

‘ = Posterior wall Py . 

us of lens-sac inward, so that the ganglion-cells represent the « 

. im descendents. When seven or eight layers have 
“—— Mesoblast differentiated, the ganglion-cells send out ax 


which form the fibre-layer and converge towar 


Lipolopticaup optic nerve. The visual cells are the last to af 

the layer of rods and cones developing as cut 
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stage as Een 1 eis fast showing yryae’ are reduced to a double layer of cells. Forac 

distance, corresponding to the position of the { 
ciliary body (pars ciliaris retina), the outer cells are pigmented, whilst the inner ones are 
parent. Still farther forward, the rudimentary portion of the nervous tunic is continued 
the posterior surface of the iris (pars iridica retinw) as a double layer of deeply pigm 
cells which extends as far as the pupillary margin which thus corresponds to the anterior 
the secondary optic vesicle. 

The optic nerve is developed secondarily and in close association with the early optic 
which is at first hollow, and later becomes grooved along its inferior surface. The we 
this ferlal cleft become approximated and, after the entrance of the blood-vessels, th 
of the cleft fuse, the vessels being thus enclosed. Since the fibres of the optic nerve a 
the most part axones of the ganglion-cells of the retina, it is evident that they are not deve 
within the nerve, but invade the latter as outgrowths of fibres from the retina, pushing 
the optic nerve and tract to reach their cercbral connections. In addition to these centr 
fibres, a certain number of centrifugal ones appear later as outgrowths from cells with 
brain. The supporting tissue is developed by 
proliferation of the cells of the optic stalks Fic. 1241. 
and their differentiation into neurogliar ele- 
ments, assisted by the mesoblastic elements 
from the surrounding pia and the portion 
which enters the cleft with the blood-vessels. 
The nerve-fibres are at first naked axis-cylin- 
ders, which later acquire medullary sheaths. 

Development of the Fibrous and Vascular 
Tunics.—With the separation of the lens- 
vesicle from the overlying ectoblast, the meso- 
blast insinuates itself between these structures, 
in addition to surrounding the entire ecto- 
blastic optic vesicle. The portion surrounding 
the optic vesicle posteriorly thickens rapidly 
and becomes differentiated into the vascular 
tunic, or choroid, whilst the outer layer be- 
comes the fibrous tunic, or sclera. The choroid 
appears first, the pigmentation of its cells being 
evident by the seventh month. The meso- 
blastic process between the lens and the ecto- .Much later stage, showing lens now solid; la 
blast is very thin at first, but subsequently — gels.eslecomveried into retinal cont: vascular € 
splits into two kayers. The anterior of these 
becomes the substantia propria of the cornea and its lining endothelium. The latter pro 
the membrane of Descemet. The posterior mesoblastic layer carries blood-vessels whict 
to form the capillary net-work surrounding the lens. The space between the two mesot 
layers represents the future anterior chamber of the eve. About the fourth fectal month 
terior lip of the optic vesicle pushes forward in advance of the lens and carries with it addi 
mesoblastic tissue. From this the iris is developed, the stroma being formed by the meso 
whilst the posterior pigmented portion represents the anterior part of the optic vesicle, 
which the dilatator muscle Cand, according to some authorities, also the sphincter pupil 
derived. The ciliary processes are produced by the rapid lateral expansion of the walls « 
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THE EXTERNAL EAR. 


The external ear, the outermost subdivision of the auditory organ, includes 
(1) the auricle, the funnel-shaped appendage attached to the side of the head for the 
collection of the sound-waves, and (2) the external auditory canal, which conveys 
these stimuli to the tympanic membrane, the flexible partition closing the canal and 
separating it from the middle portion of the ear. 


THE AURICLE. 


The auricle (auricula), also called the puna, is attached to the side of the head 
around the opening of the external auditory canal, midway between the forehead and 
the occiput. It presents two surfaces, an external and an internal. The angle which 
its internal surface forms with the head, the cephalo-auricular angle, is usually about 
30°, but varies from 20-45°. The circumference of the auricle is somewhat pyriform 
in outline, with the broadest part of the figure above. The external surface of the 
auricle is irregularly concave and presents for examination several well-marked 
depressions and elevations, which depend, for the most part, upon the corresponding 
modelling of the underlying cartilage. The concha, the largest and deepest of the 
concavities, surrounds the entrance or meatus to the external auditory canal. This 
funnel-like fossa is subdivided by an obliquely transverse ridge, the crus helicis, 
continuous with the helix, into the upper and smaller part, the cymba con- 
che, and a lower and larger part, the concha proper or cavum conchee. The 

tragus is an irregular 

Fic. 1243. eminence in front of, and 

slightly overlapping, the 
meatus. At the upper 
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tragus and separated from 
it by a deep notch, the 
incisura intertragica. 
The lobule contributes 
Right auricle, outer aspect. the rounded lower ex- 
tremity of the auricle. In 
contrast to other parts of the pinna, it possesses no framework of cartilage and, hence, 
is soft and inelastic. The helix forms the scroll-like margin of the ear, sweeping from 
the upper part of the tragus in front to the lobule behind. — It is more or less rolled 
upon itself so that its margin looks forward. On the anterior edge of the helix, near 
the junction of its upper and middle thirds, is sometimes found a small triangular ele- 
vation, the car-point or tubercle ef Darwin, which is of interest as representing, ac- 
cording to the last-named authority, the erect pointed extremity in the expanded ears 
of certain quadrupeds. It is said to be constant in the factus of about the sixth month 
and to be more common in the male than in the female. In front of and parallel to 
the helix, is a curved ridge, the antihelix which begins at the antitragus below, 
forms the concave posterior boundary of the concha, and divides above it into a 
superior and an inferior crus between which lies the fossa of the antihelix or the 
fossa triangularis. A narrow groove between the helix and the antihelix marks 
the fossa of the helix or the scaphoid fossa. 
The elevations on the external surface of the auricle are represented by 
depressions on the cranial surface, and conversely the depressions on the external 
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surface are represented by eminences. Thus, the concavity of the concha is 
represented on the cranial surface by the eminentia conche; the antihelix by 
the fossa antihelicis ; the fossa triangularis by the eminentia fosse triangu- 
laris; the scaphoid fossa, by the eminentia scaphe. The other elevations and 
depressions corresponding to those of the outer surface are not seen on the cranial 
Surface, except in the dissected cartilage denuded of the integument. 

Structure of the Auricle.—The auricle consists of integument and an enclosed 
Plate of yellow elastic cartilage continuous with that of the meatus. It is also provided 
with several unimportant ligaments and muscles. The lobule, however, contains no 
cartilage, but only fibrous tissue and fat enclosed within the intezumentary fold. 

The skin of the auricle is thin and closely adherent to the cartilage, especially 
on the outer surface. In certain parts it contains fine hairs and sebaceous and sweat 
gla wads.” The hair follicles are especially abundant over the tragus, antitragus and 
the= notch lying between them, the hairs guarding the entrance into the external 
aue<itory canal, known as tragi, being exceptionally long. The sebaceous glands 
ar especially well developed in the cavity of the concha. 

Cartilage of the Auricle.—The cartilage of the auricle may be divided into 
twe> parts: (a) the scroll-like plate forming the tragus and external auditory canal, 
ane (4) the large irregular plate forming the main cartilage. These two divisions 
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a= connected by a cartilaginous isthmus lying between the incisura intertragica on 
18 Suter side and the deep fissure, (incisura terminalis auris), which in the isolated 
G@Itilage is seen between the posterior wall of the outer meatus and the anterior 
bow-ecier of the lower part of the concha, on its inner side. Two smaller clefts, the 
fisss ures of Santorini, are found between the three plates which form the carti- 
mous scroll supporting the tragus and outer end of the external auditory canal. 
The cartilage of the tragus is an irregular plate and subject to considerable variation. 
The depressions and elevations of the cartilage proper correspond in general to 
thes Surface modelling of the auricle, but are sharply marked, especially on the cranial 
%Pect. A deep notch, the fissura antitragohelicina, separates the lower part of 
the helix from the antitragus, thus defining the caudal process (cauda helicis), as 
the lower extremity of the cartilage forming the helix is called. 

The spina helicis is a small conical projection, directed forward and down- 
Ward, opposite the first bend of the helix. This serves for the attachment of the 
anterior ligament. The upper end of the tragus-plate fits into an angle formed by 
the junction of the beginning of the helix and the upper end of the anterior border of 
the concha. In addition to the clevations and depressions already referred to, on 
the mesial surface is found a ridge, the ponticulus, which extends downward 

and forward over the eminence of the concha and serves for the attachment of the 
posterior auricular muscle (Fig. 1244, 2). 
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of the ear. At its inner end the cartilagino-membranous meatus is attached 
to the: inferior and lateral edges of the osseous meatus, the fibrous part being 
continuous superiorly and posteriorly with the periosteum lining of the osseous 
canal. The osseous portion of the tube, about 14 mm. in length, is longer 
and naarrower than the cartilagino-membranous part. At its inner end it presents 
“a narrow groove, the sulcus tympanicus, for the insertion of the tympanic 
memforane. The sulcus extends around the sides and floor of the canal, but is 
deficie: nt above. 
The skin lining the external auditory canal is closely attached to the underlying 
cartil<agzinous portion of the tube, the skin measures about 1.5 mm. in_ thick- 
ness. k»sut is much thinner within the bony canal, except along the roof, where it 
remains relatively thick. Over the outer surface of the tympanic membrane the 
skin iss reduced to 
a very clelicate and 
smooth investment, 
covered by a corre- 
spondingly attenu- 
-ated ©pidermis, and 
a suggestion of sub- 
cutaneous tissue. 
Numerous fine hairs 
and largse sebace- 
* ous lands occur 
in the cartilaginous 
muon, but dimin- 
wh ™M size and fre- 
quency towards the 
bony Canal, in which 
they are entirely 
wanting, Within the 
cartilaginous meatus 
and along the roof 
of the: bony tube, the 
skin is closely be- 
colle ith the large 
glar. ceruminous 
smb which re- 
ties” Je in structure 
ident ified sweat 
att Yes, Like the 
ou C@r, the cerumin- 

S selands consist of 
ade F raswerieaactl tn ligiescarilaai i 

Pe Seper and wider Transverse section of skin lining cartilaginous portion of external 
Deg % he auditory canal. “~~ 30. 

Ste~p portion, the : 4 : 
ery, fory segment, and along narrow ereretory duct, which ends in most cases inde- 
Yo ently on the free surface of the skin, but sometimes, particularly in the very 
ce] ATs child, may open into the duct of a sebaceous gland. The cuboidal secreting 
cq contain yellowish brown pigment particles and granules resembling fat. The 
~wax or cerumen is, as usually found, the more or less dried mixture of the 
Fetions derived from both varictics of glands, together with discarded: squamous 
Yelermal cells. 

Vessels.—TVhe arteries distributed to the external auditory canal are from three 
‘ees: (a) anterior branches of the superticial temporal supply the external por- 
~ of the meatus : (4) the deep auricular artery, a branch of the internal maxillary. 
ie to the deeper portions ¢ whilst (¢) the posterior auricular provides branches 

_ © the posterior and superior surfaces. The arteries destined for the interior of the 
“Anal pierce the membranous roof of the cartilaginous meatus, the fissures of Santo- 
"Uni and the fibrous tissue connecting the cartilaginous with the bony portion of the 
Whe They form capillary net-works within the perichondrium and periosteum and, 
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of the ear. At its inner end the cartilagino-membranous meatus is attached 
to the inferior and lateral edges of the osseous meatus, the fibrous part being 
continuous superiorly and posteriorly with the periosteum lining of the osseous 
canal. The osseous portion of the tube, about 14 mm. in length, is longer 
and narrower than the cartilagino-membranous part. At its inner end it presents 
a narrow groove, the sulcus tympanicus, for the insertion of the tympanic 
membrane. The sulcus extends around the sides and floor of the canal, but is 
deficient above. 

The skin lining the external auditory canal is closely attached to the underlying 
cartilaginous portion of the tube, the skin measures about 1.5 mm. in thick- 
ness, but is much thinner within the bony canal, except along the roof, where it 
remains relatively thick. Over the outer surface of the tympanic membrane the 
skin is reduced to 
a very delicate and 
smooth investment, 
covered by a corre- 
spondingly attenu- 
-ated epidermis, and 
a suggestion of sub- 
cutaneous tissue. 
Numerous fine hairs 
and large sebace- 
ous glands occur 
in the cartilaginous 
portion, but dimin- 
ish in size and fre- 
quency towards the 
bony canal, in which 
they are entirely 
wanting. Within the 
cartilaginous meatus 
and along the roof 
of the bony tube, the 
skin is closely be- 
set with the large 
coiled ceruminous 
glands, which re- 
semble in structure 
modified sweat 
glands. Like the 
latter, the cerumin- 
ous glands consist of 
a deeper and wider 
coiled portion, the 
secretory segment, and a long narrow excretory duct, which ends in most cases inde- 
pendently on the free surface of the skin, but sometimes, particularly in the very 
young child, may open into the duct of a sebaceous gland. The cuboidal secreting 
cells contain yellowish brown pigment particles and yranules resembling fat. The 
ear-wax or cerumen is, as usually found, the more or less dried mixture of the 
secretions derived from both varieties of glands, together with discarded squamous 
epidermal cells. 

Vessels.—The arierics distributed to the external auditory canal are from three 
sources: (a@) anterior branches of the superficial temporal supply the external por- 
tion of the meatus ; (4) the deep auricular artery, a branch of the internal maxillary, 
passes to the deeper portions ; whilst (¢) the posterior auricular provides branches 
for the posterior and superior surfaces. The arteries destined for the interior of the 
canal pierce the membranous roof of the cartilaginous meatus, the fissures of Santo- 
tint and the fibrous tissue connecting the cartilaginous with the bony portion of the 
tube. They form capillary net-works within the perichondrium and periosteum and, 
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within the skin, around the glands and the hair follicles, some extending on to 
the upper part of the membrana tympani. The deeper veins of the meatus, 
which drain the bony and a small part of the cartilaginous meatus, empty into the 
venous plexus behind the articulation of the lower jaw, those from the upper 
wall of the meatus extending upward to join the venous plexus which spreads out 
over the skull. 

The /ymphatics of the external auditory canal arise from a cutaneous net-work 
from which trunks pass in three general groups, as do those of the auricle. (1) 
The trunks of the fosterior group arise in the posterior wall of the external meatus 

and empty, for the most part, into 
FIG. 1250- the posterior auricular (mastoid) 
nodes. Some, however, avoid this 
first station and join the efferent 
vessels of the upper nodes of the 
superior deep cervical chain. (2) 
The tnfertor group includes a vari- 
able number of trunks coming from 
the lower wall of the external audi- 
tory meatus, some of which pass to 
the nodes placed along the course 
of the external jugular vein at its 
exit from the parotid, whilst others 
end in the mastoid nodes. (3) 
The antcrior group is from the 
concha and the anterior wall of the 
meatus. These vessels are tribu- 
tary to the parotid nodes, more 
particularly to the anterior auricular 
__ Cast of right external auditory canal, seen from be- nodes situated immediately in front 
hind 5 natural size. Drawn from cast made by Professor of the tragus. 

Nerves.—.The sensory nerves 
supplied to the external auditory canal are derived from the auriculo-temporal 
branch of the trigeminus and from the auricular branch of the pneumogastric. The 
latter, also known as Arnold’s nerve, perforates the wall of the meatus and supplies 
its lining membrane. 
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Practical Considerations: The Auricle.—The auditory mechanism may 
be said to consist of two portions—that which conducts the sound and that which 
receives it. The former is represented by the external and the middle ear; the 
latter, by the internal ear. The function of the auricle is to collect and intensi 
the sound-waves and to direct them into the external auditory canal. That it 
does not play a very important part in hearing is shown by the fact that its 
removal has been followed by comparatively little loss in the acuteness of hearing 
(Treves). Complete absence of the auricle is exceedingly rare; partial defect 
(microtia) is more frequent ; while congenital fistulze are comparatively common, 
These fistulr are considered to be due to a defective closure of the first branchial 
cleft. According to His, however, they are due to deficient union of the crus helicis 
and the crus supratragicus. If a fistula closes at its orifices, a retention cyst, 
sometimes dermoid, may result. The ear may be abnormally large (sacrotia), or, 
as a result of defective union of the rudimentary tubercles from which the auricle 
is developed, auricular appendages ( fo/vetia) may be met with. A supernumerary 
auricle may very rarely be found on the side of the neck at the orifice of one of 
the lower branchial clefts. 

Owing to the rich blood-supply of the auricle, wounds heal rapidly. When, 
however, they occur near the external auditory meatus and are large, cicatricial 
closure of the canal must be guarded against. 

Frost-bite is frequent because of the exposure to cold and the lack of protec- 
tion to the blood-vessels from overlying: tissues, since little more than skin covers 
them. An intense reactive congestion follows, and frequently leads to gangrene. 
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ructure of the Auricle.—The auricle consists of integument and an enclosed 
yello aye Sat tie ee the meatus. It is also provided 
portant ligaments and muscles. The lobule, however, contains no 
ae PrP i fibrous tissue and fat enclosed within the integumentary fold. 
ou rc the auricle is thin and closely adherent to the cartilage, especially 
In certain parts it contains fine hairs and sebaceous and sweat 
gina The Mae follicles are especially abundant over the tragus, antitragus and 
lying between them, the hairs guarding the entrance into the external 
canal, known as tragi, being exceptionally long. The sebaceous glands 
well developed in the cavity of the concha. 
of the Auricle.—The cartilage of the auricle may be divided into 
two parts: (a) the scroll-like plate forming the tragus and external auditory canal, 
and © 4) the large irregular plate forming the main cartilage. These two divisions 
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“re connected by a cartilaginous isthmus lying between the incisura intertragica on 
Its outer side and the deep fissure, (incisura terminalis auris), which in the isolated 
is seen between the posterior wall of the outer meatus and the anterior 

border of the lower part of the concha, on its inner side, Two smaller clefts, the 
Ssaures of Santorini, are found between the three plates which form the carti- 
eon scroll eapporting the tragus and outer end of the external auditory canal. 
e of the tragus is an irregular plate and subject to considerable variation, 

The depressions and elevations of the cartilage proper correspond in general to 
the surface modelling of the auricle, but are sharply marked, especially on the cranial 
aspect. A deep notch, the fissura antitragohelicina, separates the lower part of 
the helix from the antitragus, thus defining the caudal process (cauda helicis), as 
the lower extremity of the cartilage forming the helix is called. 

The spina helicis is a small conical projection, directed forward and down- 
ward, opposite the first bend of the helix, This serves for the attachment of the 
anterior Toament. The upper end of the tragus-plate fits into an angle formed by 
the junction of the beginning of the helix and the upper end of the anterior border of 
the concha. In addition to the elevations and depressions already referred to, on 
the mesial surface is found a ridge, the ponticulus, which extends downward 
and forward over the eminence of the concha and serves for the attachment of the 
posterior auricular muscle (Fig. 1244, 2). 
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of the ear. At its inner end the cartilagino-membranous meatus is attached 
to the inferior and lateral edges of the osseous meatus, the fibrous part being 
continuous superiorly and posteriorly with the periosteum lining of the osseous 
canal. The osseous portion of the tube, about 14 mm. in length, is longer 
and narrower than the cartilagino-membranous part. At its inner end it presents 
a narrow groove, the sulcus tympanicus, for the insertion of the tympanic 
membrane. The sulcus extends around the sides and floor of the canal, but is 
deficient above. 

The skin lining the external auditory canal is closely attached to the underlying 
cartilaginous portion of the tube, the skin measures about 1.5 mm. in thick- 
ness, but is much thinner within the bony canal, except along the roof, where it 
remains relatively thick. Over the outer surface of the tympanic membrane the 
skin is reduced to 
a very delicate and FIG. 1249. 
smooth investment, 
covered by a corre- 
spondingly attenu- 
-ated epidermis, and 
a suggestion of sub- 
cutaneous tissue. 
Numerous fine hairs 
and large sebace- 
ous glands occur 
in the cartilaginous 
portion, but dimin- 
ish in size and fre- 
quency towards the 
bony canal, in which 
they are entirely 
wanting. Within the 
cartilaginous meatus 
and along the roof 
of the bony tube, the 
skin is closely be- 
set with the large 
coiled ceruminous 
glands, which re- 
semble in structure 
modified sweat 
glands. Like the 
latter, the cerumin- 
ous glands consist of : es ; ‘ 

a deeper and wider Transverse section of see cna agingus portion of external 
coiled portion, the 

secretory segment, and a long narrow c.xcretory duct, which ends in most cases inde- 
pendently on the free surface of the skin, but sometimes, particularly in the very 
young child, may open into the duct of a sebaceous gland. The cuboidal secreting 
cells contain yellowish brown pigment particles and granules resembling fat. The 
ear-wax or cerumen is, as usually found, the more or less dried mixture of the 
secretions derived from both varieties of glands, together with discarded squamous 
epidermal cells. 

Vessels.—The arteries distributed to the external auditory canal are from three 
sources: (@) anterior branches of the superticial temporal supply the external por- 
tion of the meatus ; (6) the decp auricular artery, a branch of the internal maxillary, 
passes to the deeper portions ; whilst (¢) the posterior auricular provides branches 
for the posterior and superior surfaces. The arteries destined for the interior of the 
canal pierce the membranous roof of the cartilaginous meatus, the fissures of Santo- 
Tini and the fibrous tissue connecting the cartilaginous with the bony portion of the 
tube. They form capillary net-works within the perichondrium and periosteum and, 
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The posterior wall is separated from the mastoid process by the tympano-mas- 
toid fissure. The auricular branch of the pneumogastric (Arnold’s nerve) passes 
through this fissure to the posterior wall of the canal. The coughing, sneezing, or 
vomiting that sometimes follows irritation of the canal, as from cleaning the ear, or ex- 
amining it with instruments, is said to be due to a reflex effect upon the pneumogastric 
through this branch. The auriculo-temporal branch of the trigeminal nerve enters 
into its supply, and may explain the earache in cancer of the tongue or disease of the 
lower teeth. Between the posterior wall of the meatus and the mastoid cells is a 
thin plate of bone one or two millimeters in thickness. The sigmoid portion of the 
lateral sinus is usually about 12 mm. back of this wall, and the mastoid antrum 
about 5 mm. posterior to its deeper portion. 

The superior wall, which is from 4-5 mm. in thickness, often contains air- 
cells between two plates of compact bone. Pus may burrow through it from the 
canal to the interior of the cranium. At the posterior superior angle of the canal are 
a number of small openings for blood-vessels and some connective tissue fibres, 
through or along which pus may find its way from the mastoid antrum to the under 
surface of the periosteum in the meatus. 


THE MIDDLE EAR. 


The middle ear includes three subdivisions : the tympanic cavity, the Eustachian 
tube, and the mastoid cells. 
* It is an irregular air-chamber, beginning on the lateral wall of the naso-pharynx 
with the Eustachian tube, which leads upward, backward and outward, for about 
one inch and a half into the temporal bone. Opposite the external auditory canal, 
it widens into the tympanic cavity and continues backward into the mastoid cells. 


THE TYMPANIC CAVITY. 


The tympanic cavity (cavum tympani), also called the tympanum, is an irregu- 
lar space within the temporal bone, lying between the internal ear and the external 
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auditory canal. It is lined with mucous membrane and contains, in addition to the 
air which enters by way of the Eustachian tube, the chain of car ossicles. Its short- 
est diameter, that between the middle of the tympanic membrane and the wall of the 
labyrinth, is about 2mm. The antero-posterior diameter is about 12 mm., whilst 
the distance from the roof (tegmen tympani) to the floor, the supero-inferior diam- 
eter, is about 15 mm. 
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The cavity of the tympanum is subdivided into three parts: (1) the aérium or 
yympanic cavity proper; (2) the cavum epitympanicum, the upper part of the space 
hich overlies the atrium ; and (3) the antrum, which leads into the mastoid cells. 

The atrium (Fig. 1251) resembles in shape a short cylinder with concave 
nds, the outer end being formed by the tympanic membrane and its bony margin, 
whilst_the inner end is formed by the outer wall of the labyrinth. 

The cavum epitympanicum or attic occupies the space between the atrium 
zand the roof and constitutes approximately one-third (about 5 mm.) of the supero- 
inferior diameter. It contains the head of the malleus and the body of the incus 
C Fig. 1252). It extends considerably over the external auditory canal and is 
Bounded laterally by a wedge-shaped portion of the temporal bone, called the scutum. 

The antrum tympanicum is an irregularly pyramidal space communicating 
sweith the upper back part of the tympanicum by a triangular orifice. _ Its dimensions 
~w-ary, but its average length is about 12 mm., its height 8.5 mm., and its width 6.7 
emm. It is larger in the infant than in the adult, and its lumen is frequently lessened 
ty bands of mucous membrane which stretch across it and thus encroach upon the 
space. Its roof is formed by the tegmen tympani sometimes called the tegmen 
ezntri in this location. Its external wall is formed by the squamous portion of the 


Fic. 1252. 


si perior ligament 


rior ligament 
F of mafieus 







Chorda tympani etre 


¥ 


—Epitym panic space 


Tensor tympani~_ o% 
Processus cochleariformis— 


—Tncus 


Eustachian tube~ Process for slapes 
~ —| sl 





Handle of malleus 


—Tympanic membrane 


Inner aspect of outer wall of right tympanic cavity, showing incus and malleus and tympanic 
membrane in position. « 2%. 


® emporal bone, and on its internal one is seen the outer wall of the horizontal semicir- 
ular canal. The thin mucous membrane of the antrum is closely united with the 
riosteum and possesses a layer of low nonciliated squamous epithelium. 

The walls of the tympanic cavity present many irregularities and depres- 
SSions and the boundaries are not sharply defined. As the direction of the supero- 
Rawnferior axis of the cavity is not perpendicular but oblique, it follows that the outer 
‘wall, composed of the tympanic membrane and its bony margin, is, accurately 
Speaking, the infero-lateral wall, whilst that formed by the labyrinth is the dorso- 
®mesial wall. For convenience of description, however, there may be recognized 
With advantage an evferna/ and an internal, a superior and an inferior, and an 

enterior and a posterior wall. 

The outer wall (parics membranacea) of the tympanic cavity proper (the 
atrium) is formed by the drum-head and the margin of bone into which it is inserted, 
whilst the outer wall of the epitympanic space is formed by the scutum. — In the infant 
the bony external auditory canal consists of a ring of bone, the annulus tympani- 
cus. This ring, incomplete at its upper anterior part at the notch of Rivinus, 
possesses a well-marked groove, the sulcus tympanicus, for the reception of the 

tympanic membrane. At the notch of Rivinus, the tympanic membrane is attached 
to the bony margo tympanicus and the external lateral ligament of the malleus, and 
is continuous with the skin lining the bony auditory canal. 
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The Membrana Tympani.—The tympanic membrane or drum-head is a 
delicate transparent disc, irregularly oval or ellipsoidal in outline and concave on its 
outer surface. It is placed obliquely with the horizontal plane, forming an angle of 
about 55°, opening outward. As the middle portion of the membrane is drawn 
inward, the inclination of its different parts varies. The obliquity of the membrane 
is about the same in the infant as in the adult. With the upper back wall of 
the external auditory canal the drum-head forms a very obtuse angle, whilst with 
the antero-inferior wall it encloses an angle of about 27°. The longest diameter of 
the membrane is directed from above and behind, forward and downward, and 
measures from 9.5-10 mm. ; the shortest is from 8.5-9 mm. The membrane is 
about .10 mm. thick, except at the periphery, where it is thickened. Like the rest of 
the tympanum and the labyrinth, it is practically as large in the infant as in the adult. 

Embedded in the tympanic membrane is the handle of the malleus (Fig. 1252), 
which extends from a point near its middle, upward and forward toward its 
periphery, and ends at the short process. At its lower end, the handle of the 
malleus is flattened laterally and broadened at the umbo, which corresponds to the 
deepest part of the concavity of the membrane. The short process of the malleus 
forms a conspicuous rounded projection at the antero-superior part of the drum- 
head. Extending from the short process of the malleus to the anterior and 
posterior ends of the tympanic ring are two straight striaz. The part of the 
drum-head included between these strize and the Rivinian notch is Known as the 
membrana flaccida (pars flaccida) or Shrapnell’s ‘membrane. It is thinner 
and less tense than the remaining larger part of the drum-head which is called the 
membrana tensa (pars tensa). 

The inner aspect of the drum-head presents two folds of mucous membrane which 
stretch horizontally backward and forward to the annulus and form an antertor and a 
posterior inverted pocket. The anterior pocket contains in its wall, in addition to the 
mucous membrane, the long process of the malleus, the chorda tympani nerve and 
the inferior tympanic artery, the nerve also running along the lower border of the 
posterior fold. 


The structure of the tympanic membrane includes three main layers: (1) the middle 
fibrous stratum, or membrana propria; (2) the external cutaneous layer, the prolongation of 
the skin lining the external auditory canal ; and (3) the raterna/ mucous membrane, a continua- 
tion of the mucous membrane clothing other parts of the tympanic cavity. 

The fibrous layer or membrana propria represents the mesoblastic portion of the drum-head 
and consists of an outer stratum of radially disposed fibres which diverge from the malleus 
towards the periphery of the membrane, and an inner stratum of circular fibres, concentrically 
arranged and best developed near the periphery of the membrane but absent at the umbo. The 
radiating fibres, on the contrary, become more dense at the umbo, partly through accumulation 
and partly through splitting (Gerlach), Between the fibres of the two layers are seen connect- 
ive tissue corpuscles which are spindle-shaped in longitudinal and stellate in cross-section. 

The membrana propria is absent within the pars flaccida or Shrapnell’s membrane. At the 
periphery of the membrana propria, the fibres, especially those of the radial stratum, are con- 
nected with those of a ring of thick connective tissue, the annulus fibrosus which occupies the 
sulcus tympanicus. The fibres of the annulus fibrosus run in various directions, but for the 
most part radially, that is, toward the tympanic membrane proper (Fig. 1253). Round cells are 
found between these fibres. 

The cutaneous layer consists of a thin epidermal stratum, composed of two or three rows 
of cells and a delicate sheet of connective tissue, but neither a definite corium nor papilla@ are 
present. A thickened band of subepithelial connective tissue extends across Shrapnell’s mem- 
brane and along the handle of the malleus and contains the large vessels and nerves which pass 
from the meatus to the membrana tympani. 

‘The mucous membrane covering the inner surface of the drum-head consists of a scanty 
layer of connective tissue, invested with a sheet of large low nonciliated epithelial cells 

The vessels of the tympanic membrane include arteries which are arranged as an outer and 
inner set, separated by the membrana propria. The former set is derived from the deep aurica- 
lar branch of the internal maxillary artery ; the latter from the tympanic branch of the internal 
maxillary and from the stylo-mastoid branch of the posterior auricular. Each of these sets 
forms a plexus ot vessels with a large branch extending downward along the malleus handle, 
and another around the periphery of the membrane, these two branches being connected by 
Numerous radiating twigs. Perforating vessels connect the two sets of arteries, especially along 


-_~ 
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Fhe malleus handle and at the periphery of the membrane. The veins are most numerous at the 
¥eandle of the malleus and periphery of the membrane and communicate with those of the exter- 
wal meatus and tympanic cavity. 

The /ymphatics are arranged similarly to the blood-vessels in two sets, one under the skin 
za.wid the other under the mucous membrane. They communicate freely with each other and 
ge Fobably empty partly into the lymph-nodes situated over the mastoid process and in the 
s-€tion of the tragus, and partly into the lymph-tracts of the Eustachian tube and thence event- 
a2 ally into the retropharyngeal and deep cervical nodes. ‘ 
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“ct Son through attached margin of tympanic membrane, showing continuation of skin and mucous membrane 
we] its outer and inner surlaces respectively. X 75. Drawn from preparation made by Dr. Ralph Butler. 


The nerves supplying the tympanic membrane are derived chiefly from the auriculo-tem- 
Sr=al branch of the trigeminus, supplemented by twigs from the tympanic plexus and by the 
ack ar branch of the vagus. They accompany, for the most part, the blood-vessels and, in 

<2 & Bion to supplying the latter, form both a subcutaneous and a submucous plexus. 


th _The inner wall (paries labyrinthica) of the tympanic cavity separates it from 
‘=  ‘€nternal ear. It presents for examination a number of conspicuous features. 
mi The promontory appears as a well-marked bulging of the inner wall near its 
of Ace (Fig. 1254) and corresponds to the first turn of the cochlea. The branches 
ba Che tympanic plexus are found in the mucous membrane covering it. At the 
of © tom of a niche, whose anterior border is formed by the lower posterior margin 
th The promontory, lies the round window (fenestra cochlea). It is closed by 
o—= secondary tympanic membrane (membrana tympani secundaria), which 
Pe aantes the tympanic cavity from the scala tympani of the cochlea (Fig. 1259). 
tia membrane is attached in an obliquely placed groove, is slightly concave 
wa ~sard the tympanum, and measures from 1.5-3 mm. in diameter. The oval 
ve wadow (fenestra vestibuli) lies at the bottom of a depression, the fossula 
lea a tibuli, in the upper back part of the inner wall, above the round window, and 
ca <As into the vestibule. It is somewhat kidney-shaped, its upper border being 
b TA<ave, its lower slightly convex. In the recent state the oval window is closed 
xe, the foot-plate of the stapes and the ligament which connects the ossicle with 
abes sides of the window (Fig. 1260). The longest diameter of the latter is 
‘ut 3 mm. and its shortest 1.5 mm. Above the oval window a well-marked 
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The malleus (hammer) is about 8 mm. long and consists of a head, a neck and three 
Processes. The ead is the upper club-shaped portion, lying in the epitympanic space ; the 
constricted portion just below the head is the neck, and below this is a prominence to which 
the three processes are attached. The posterior surface of the head bears, for the articulation 

with the incus, an oblong depressed surface with prominent margins extending in a spiral 
manner downward and inward to the neck. This articular surface consists of two principal 
facets separated by an oblique ridge, the upper facet looking backward, the lower, inward. 
The axis of the head forms with that of the handle an angle of about 140°, opening upward 
andi imward. 


Fic. 1255. 
A BR 
Head Head 
Articular 
surface for 
incus 
Neck 
Wok eat of insertion of Processus Processus gracilis 
Aateral ligament brevis Processus. 
brevis 
Manubrium Manubrium 


Right malleus; 4, seen from behind; 4, seen from in front. x 4%. 


. The manubrium (handle), a tapering process extending downward backward and inward, 

iS tm bedded in the substance of the tympanic membrane (Fig. 1255). Near the upper part 

ot the inner anterior surface of the handle is sometimes found a slight projection for the 

MsSertion of the tensor tympani muscle. The lower end of the manubrium ts spatula shaped, 

fattened transversely. The long process is directed toward the Glaserian fissure, whilst the 
‘Ort process looks toward the external meatus. 

‘The processus brevis (short process) is a small conical elevation situated at the upper end 
of the handle, below the neck of the malleus. Like the handle it is attached to the tympanic 
Mein brane and covered by a layer of cartilage. notably on its external surface. 

‘The processus gracilis (long process) arises from the anterior angle of the internal surtace 
o the neck, close to the base of the short process, and extends downward and forward to the 

rian fissure. It is well developed in the foetus and in young children, but is often rudi- 


Men tarry in the adult. 
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anv} “The incus (anvil) resembles a molar tooth with two widely separated fangs, rather than an 
wo It consists of a body, a long process and a short process, The éody of the incus has 
hea, ™nain facets on its anterior and antero-external surfaces, which correspond to those on the 
in of the malleus and articulate with them. The processus brevis (short process) is conical 
ape, flattened laterally and projects nearly horizontally backward to a depression in the 
PSterior wall of the tympanum at the entrance of the antrum, where its apex is attached. The 
A ‘Ce ssus longus (long process) runs downward and backward, behind and nearly parallel with 
ena landle of the malleus, and forms nearly a right angle with the short process. At its lower 
bet is bent inward and narrowed, or constricted, into a neck, which terminates in a rounded 
hi Tele, the processus orbicularis, that articulates with the head of the stapes. In the factus 
XS process is separated frum the rest of the lung process. 
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vary, but its average length is about 12 mm., its height 8.5 mm,, and its width 6.7 
qr. Itis larger in the infant than in the adult, and its lumen is frequently lessened 
by bands of mucous membrane which stretch across it and thus encroach upon the 
space Its roof is formed by the tegmen tympani sometimes called the fegmen 
arefr7 in this location. Its external wall is formed by the squamous portion of the 
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temporal bone, and on its internal one is seen the outer wall of the horizontal semicir- 
Sular canal. The thin mucous membrane of the antrum is closely united with the 
Beriosteum and possesses a layer of low nonciliated squamous epithelium. 

The walls of the tympanic cavity present many irregularities and depres- 
Sions and the boundaries are not sharply defined. As the direction of the supero- 
inferior axis of the cavity is not perpendicular but oblique, it follows that the outer 
wall, composed of the tympanic membrane and its bony margin, is, accurately 
speaking, the infero-lateral wall, whilst that formed by the labyrinth is the dorso- 

For convenience of description, however, there may be recognized 
with sitcadeantage an external and an internal, a superior and an tnferior, and an 
anterior and a posterior wall. 

The outer wall (paries membranacea) of the tympanic cayity proper (the 
atrium) is formed by the drum-head and the margin of bone into which it is inserted, 
whilst the outer wall of the epitympanic space is formed by the scutum. In the infant 

bony external auditory canal consists of a ring of bone, the annulus tympani- 
cus. This ring, incomplete at its upper anterior part at the notch of Rivinus, 
possesses a well-marked groove, the sulcus tympanicus, for the reception of the 
tympanic membrane. At the notch of Rivinus, the tympanic membrane is attached 
to the bony margo tympanicus and the external lateral ce of the malleus, and 
is continuous with the skin lining the bony auditory cana 
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the malleus handle and at the periphery of the membrane. The veins are most numerous at the 
handle of the malleus and periphery of the membrane and communicate with those of the exter- 
nal meatus and tympanic cavity. 

The /ymphatics are arranged similarly to the blood-vessels in two sets, one under the skin 
asaci_ the other under the mucous membrane. They communicate freely with each other and 
probably empty partly into the lymph-nodes situated over the mastoid process and in the 
regzion of the tragus, and partly into the lymph-tracts of the Eustachian tube and thence event- 
uzal ly’ into the retropharyngeal and deep cervical nodes. : 
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Secticn through attached margin of tympanic membrane, showing continuation of skin and mucous membrane 
wer its outer and inner surlaces respectively. X75. Drawn from preparation made by Dr. Ralph Butler. 


The nerves supplying the tympanic membrane are derived chiefly from the auriculo-tem- 
POrzall branch of the trigeminus, supplemented by twigs from the tympanic plexus and by the 
auri—alar branch of the vagus. They accompany, for the most part, the blood-\essels and, in 

® Bion to supplying the latter, form both a subcutaneous and a submucous plexus. 


th _ The inner wall (paries labyrinthica) of the tympanic cavity separates it from 

‘= Anternal ear. It presents for examination a number of conspicuous features. 
mi The promontory appears as a well-marked bulging of the inner wall near its 
of Acie (Fig. 1254) and corresponds to the first turn of the cochlea. The branches 
ba tympanic plexus are found in the mucous membrane covering it. At the 
of teom of a niche, whose anterior border is formed by the lower posterior margin 
the he promontory, lies the round window (fenestra cochlea). It is closed by 
se secondary tympanic membrane (membrana tympani secundaria), which 
TRA ntes the tympanic cavity from the scala tympani of the cochlea (Fig. 1259). 
ton, membrane is attached in an obliquely placed groove, is slightly concave 
wit Sard the tympanum, and measures from 1.5-3 mm. in diameter. The oval 
ven dow (fenestra vestibuli) lies at the bottom of a depression, the fossula 
lea en Cibuli, in the upper back part of the inner wall, above the round window, and 
ca “As into the vestibule. It is somewhat kidney-shaped, its upper border being 
b TA<ave, its lower slightly convex. In the recent state the oval window is closed 
itd the foot-plate of the stapes and the ligament which connects the ossicle with 
also. sides of the window (Fig. 1260). The longest diameter of the latter is 
Ut 3 mm. and its shortest 1.5 mm. Above the oval window a well-marked 
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einige lps the umbo being slightly below the middle of the membrane, By the 
two lines the membrane is divided into unequal quadrants. This arrangement into 


See, er lel ahh one since the pathological appearances occurring in 


The antero-superior quadrant co’ ds to the tympanic opening ofthe tube, the 
canal for the tensor tympani peeled tse anterior pouch of the drum-head. 

antero-inferior quadrant corresponds to the carotid canal. The can ee 
ae ge Bae agen of et cal the stapes, and the, srcieuAROO Ses these 

window, the pyramid, and stapedius muscle, posterior pouch of 

Chua deta: eed, the chorda tympani, and the posterior fold (pathologic). The postero- 
inferior quadrant contains the round window, the tympanic cells in the floor of the 
tympanic cavity and the bulb of the jugular vein. The flaccid portion or ell's 
membrane corresponds to the neck of the malleus and Prussak’s space (Briihl-Po! 

The bulb of the jugular vein may be larger than usual in which case it may 
encroach upon the posterior half of the membrane. Moreover, it may have an 

imperfect bony covering when it will be in danger during pasnccatoes pe en 
the place of election of which is in this portion of the membrane, 
reason, pus in the middle ear may more readily encroach upon Pei vein, The 
posterior inferior quadrant is 
selected for openings to evac- 
uate effusions in pbs en 
because it is less 
vascular than the rest of the 
membrane and corresponds to 
less important structures. The 
opening also gives better drain- 
age than through any other 
portion. It should be borne 
in mind that the floor of the 
tympanum is 2-3 mm. below 
the inferior margin of the drum 
head, so that in the upright 
position perfect drainage can- 
not be obtained. The tym- 
panic membrane has an internal 
mucous tiaing, an external 
cutaneous and an intervening 
fibrous layer, It, therefore, has 

Normal drum-head of right side as seen with mirror. > 4. little elasticity, so that, while 

small openings often heal rap- 

idly, large openings close slowly, or not at all. A permanent opening, however, 
does not of necessity produce deafness, 

With an aural speculum and good light, one may locate the various structures. 
as follows: Above and in front is seen the short process of the malleus as an appar- 
ently prominent point. From this point two streaks pass to the periphery, showing: 
the division between the tense portion of the membrane and its flaccid portion 
(Shrapnell's membrane), seen only in a roomy meatus. Extending backward and 
downward from this point is seen a whitish streak ending at the umbo, This is the 
long process or handle of the malleus. Directed downward and forward from the 
umbo is a cone of light with its apex at the umbo and its base near the periphery of 
the membrane. It is triangular in shape and is due to the funnel shape of the 
membrane and the resulting light-reflex. Above and in front of the short process of 
the incus is the membrane of Shrapnell. Through the grayish translucent tympanic 
membrane the contents of the tympanum may sometimes be seen, changin Bea 

prs the color of the membrane. Its conical shape has been proven by and 
ematically to be the most favorable for the reception of sound waves, The 
vibrations are transmitted through the ossicles to the labyrinth by bebe of the oval 
window. The malleus rests on the membrane, the stapes is in the oval window 
and the incus lies between and articulates with the two. 
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sunr-fzace of the petrous bone. The semicircular canals open into the posterior part of 
the vestibule by five apertures (Fig. 1267), the undilated ends of the superior and 
posterior canals joining to form a common limb (crus commune). The horizontal 
cz x2 al (canalis lateralis) alone communicates with the vestibule by two distinct open- 
inages— Its ampulla is at its outer end and lies at the upper part of the vestibule above 
thhe oval window, from which it is separated by a groove corresponding to the facial 
ceawazal. Lying above and close to this opening is placed the ampullary end of the 
Sua g><_rior canal. The ampullary end of the posterior canal lies on the floor of the 
ve=sst abule, near the opening of the non-dilated end of the horizontal canal and of the 
=m wnuzalis communis. In the wall of the ampulla of the posterior canal, a number of 
sra-mza Bl openings (macula cribrosa inferior) provide for the entrance of the special 


bs-=m wach of the vestibular nerve destined for this tube. 
The Cochlea.—The bony cochlea constitutes the anterior part of the labyrinth 


arm<c® appears asa short blunt cone, about 5 mm. in height, whose base forms the an- 
te=m— <> wall of the inner end of the internal auditory meatus. Its apex is directed hori- 







Fic. 1268. 
~~ ~ ¥ Hamulus, overlying 
tee \ a helicotrema 
Ps wr 
Scala vestilnili J - 
\ "2 
Sea la lyn pani " 3 ee aa spiralis ossea 
<— 
TA 
\ 
~——= Canalis spiralis modioli 
Modiolus— ia 
Area cochlearis ry ————Facial canal 


= —_ Crista falciformis 


& witernal auditory canal —~ vo aires ventibalatis 
: i 


Foramen singulare 


Cm 
Rates and bottom of internal auditory canal exposed by vertical section passing parallel with zygoma; prepara- 
tion has been turned so that cochlea rests with its base downward and apex pointing upward. ‘xX 5. 


z 
— = ally outward, somewhat forward and downward, and reaches almost to the Eusta- 
Co = =_.n tube. Its large lower turn bulges into the tympanic cavity and produces the 
(EB 2 =spicuous elevation of the promontory seen on the inner wall of the middle ear 
th, sce ey. 126)). The bony cochlea consists essentially of a tapering central column, 
m <—, modiolus, around which the bony canal, about 30 mm. long, makes something 
nun, ™x—e than two anda half spiral turns, the dasa/, middle and apical. The conical 
cme “—liolus has a broad concave base which forms part of the base of the cochlea (basis 
Cum am lea), and a small apex which extends nearly to the apex of the cochlea, or 
ary Wola (cupula). It is much thicker within the lowest turn of the canal than above, 
(ee = is pierced by many small canals for the nerves and vessels to the spiral lamina 
c=— = SH. 1268). The axis of the modiolus, from base to apex, is traversed by the 
a tral canal, whilst a more peripherally situated channel, the canalis spiralis, 
img m@ rcles the modiolus and contains the spiral panglion and a spiral vein. — Project- 
she at a right angle from the modiolus into the canal of the bony cochlea is a thin 
ee & £ of bone, the jamina spiralis ossea, which is made up of two delicate bony 
Th os between which are fine canals containing the branches of the cochlear nerve. 
SS= spiral lamina begins between the round window and the lower wall of the 
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backward and downward to the opening of the posterior ampulla, a distance of from 
__ The utricle is made up of three subdivisions, the uppermost of which is 
respresented by a blind sac, from 3-3.5 mm. in length and Meeatiti called the 
whilst the two lower divisions together form the utriculus pro- 
prius, which measures 3 mm. by from 1.5-2 mm. The lower part of the utricle 
i ceeiee into the tube-shaped sinus posterior, which connects the am- 
puatta ot semicircular canal with the utricle. 

rede epenines. of the semicircular canals into the utricle are disposed as 
follows: into the recessus utriculi open (1) the ampulla of the superior semicircular 
ecamal and (2) that of the horizontal canal. /ulo the utriculus proprius open (3) 
the sinus superior, which lies within the crus commune and receiyes in turn the 
ends of the superior and posterior semicircular canals; (4) the (as 

amy pullated end of the horizontal semicircular canal; and (5) the ampulla of the 
semicircular canal through the sinus posterior. On the antero-lateral wall 
©£ the recessus utriculi is placed the macula acustica of the utricle, whilst from its 
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antero-mesial wall springs the canalis utriculo-saccularis, the small canal from the 
utricle that joins even a smaller passage from the saccule to form the ductus 
endolymphaticus, 

The Saccule.—The saccule (sacculus) is an irregularly oval compartment, about 
3 by 2 mm. in size, which occupies the recessus sphericus in the lower and anterior 
part of the vestibule, to which it is attached by connective tissue, It is somewhat 
flattened laterally and at its lower end gradually narrows into a passage, the Canalis 
Treuniens, which connects the saccule with the ductus cochlearis. Its upper end 
bulges backward forming the sinus utricularis, whose wall comes in contact with 
that of the utricle. The small canal, already mentioned as helping to form 
the ductus endolymphaticus, arises from the posterior wall of the saccule. The 
ductus endolymphaticus passes through the aqua:ductus vestibuli to end ina 
blind dilated extremity, the saccus endolymphaticus, lying between the layers 
of the dura mater below the opening of the ‘aqueduct, Through the openings in 
the recessus sphericus branches of the vestibular nerve enter and pass to the 
macula acustica sacculi on the anterior wall of the saccule. The canalis reuniens 
is the yery small tube passing from the lower part of the saccule into the upper 
wall of the cochlear duct near the ca#cum vestibulare, as its blind vestibular end 


is called. 
The Membranous Semicircular Canals.—These tubes (ductus semicireu- 
lares) occupy about one third of the diameter of the osseous canals and correspond 
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the furrows form the so-called auditory teeth, because of their fancied resemblance to incisor 
teet Fa. The lower lip (labium tympanicum) is continuous externally with the basilar membrane 
andi sis perforated near its outer end by some 4ooo apertures (foramina nervosa) transmitting 
mairatunte branches of the cochlear nerve. The epithelium covering the elevated portions of the 
lsxxa ews, including the auditory teeth, is of the flat polyhedral variety, the intervening furrows and 
clef being lined by columnar cells. The epithelium of the sulcus spiralis consists of a single 
layer of low cuboidal or flattened cells, continuous with the epithelium of the auditory teeth 
albboowe and with the highly specialized elements of Corti’s organ below. 
The basilar membrane consists of a median (inner) and a lateral (outer) part. The former, 
k wmep~wen as the zona arcuata, is thin and supports the modified neuroepithelium constituting the 
ory=am of Corti; the outer part, named the zona pectinata, is the thicker division and lies external 
t® Fre foot-plates of the outer rods of Corti. The basilar membrane is made up of three distinct 
la y- <= ws, the epithelium, the substantia propria and the tympanic lamella. The substantia propria 
is = #<»rmed of an almost homogeneous connective tissue with a few nuclei and fine fibres, which 
Tama A =ate toward the outer edge of the spiral lamina. The fibres of the zona arcuata are very fine 
arm<-% = imterwoven, appearing to be an extension of those of the lower lip of the limbus, whilst 
Star- == & geht and more distinct fibres stretch from the outer rods of Corti to the spiral ligament and 
CC B= Bitute the so-called auditory strings. According to the estimate of Retzius, there are 24,000 
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i these special fibres. Their length increases from the base toward the apex of the cochlea, in 
lan. ment with the corresponding increase in breadth of the basilar membrane. The ¢ympanic 
thane 22 contains numbers of fusiform cells of immature character interspersed with fibres. In 
acy, location the differentiation of the mesoblastic cells lining the tympanic canal has never 
ine gar emiced to the production of typical endothelial plates, the free surface of the lamella being 
wha. = ted by the short fusiform cells alone. The inner zone of this layer contains capillaries 
kn empty into one, or somctimes two, veins, frequently seen under the tunnel of Corti and 
fox, wn as the vas spirale. The epithelium covering the inner zone of the basilar membrane 
3s the organ of Corti, the highest example of specialization of neuro-epithelium, 

Sexy. The Organ of Corti.—The organ of Corti (organon spirale) consists in a general way of a 
nog = of epithelial arches formed by the interlocking of the upper ends of converging and greatly 
are fied epithelial cells, the pillars or rods of Corti, upon the inner and outer sides of which rest 
Sha, ws of neuroepithetial elements—the auditory and the sustentacular cells. The triangular 
on. - included between the converging pillars of Corti above and the basilar membrane below 
Con, ‘Bitutes the tunnel of Corti, which is, therefore, only an intercellular space of unusual size. It 
trea = ains probably a soft semifluid intercellular substance serving to support the nerve-fibrils 
Cony ing the space (Fig. 1273). The pillars or rods of Corti, examined in detail, prove to be 
P Woosed of two parts, the denser substance of the pillar proper, and a thin, imperfect proto- 
the ®mic envelope, which presents a triangular thickening at the base directed toward the cavity of 
Tunnel. Each pillar possesses a slender slightly sigmoid, longitudinally striated dody, whose 
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spiral canal and collectively constitute the ganglion spirale. From these cells 
numerous dendrites are given off, which pass along the canals within the spiral 
lamina towards its margin, the twigs meanwhile subdividing to form an extensive 
plexus contained within corresponding channels in the bone. At the edge of the 
spiral lamina bundles of fine fibres are given off, which escape at the foramina nervina 
of the labium tympanicum and enter the epithelial layer close to the inner rod of Corti. 
During or before their passage through the foramina, the nerve-fibres lose their med- 
ullary substance and proceed to their destination as fine naked axis-cylinders. The 
radiating bundles pass within the epithelium to the mesial side of the base of the inner 
pillar ; here they divide into two sets of fibrillz, one, the mesial spiral fasciculus, 
going to the inner hair-cells and the other, the /ateral spiral fasciculus, passing 
between the inner pillars to reach the tunnel of Corti. Within this space fibrilla are 
given off which, after crossing the tunnel, escape between the outer rods into the 
epithelium lying on the lateral side of the arch. The further course of the fibrillze 
seems to be such that some extend between the outer pillar of Corti and the first rows 
of hair-cells, whilst succeeding groups of fibrillze course between the rows of Deiters’ 
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cells to reach the remaining hair-cells. The relation between the nerve-fibrils and 
the auditory cells is in all cases probably close contact and not actual junction with 
the percipient elements. The paths by which the impulses collected from the audi- 
tory cells are conveyed to the cochlear nucleus, and thence to the higher centres, are 
described in connection with the Auditory Nerve (page 1258). 

Blood-Vessels of the Membranous Labyrinth.—The arteries supplying 
the internal ear arise from the internal auditory artery, supplemented to a limited 
extent by branches from the stylo-mastoid. The auditory artery, a branch of the 
basilar, after entering the internal auditory meatus divides, according to Siebenmann, 
into three branches :—(1) the anterior vestibular, (2) the cochlear proper, and (3) 
the vestibulo-cochlear artery. 

1. The vestibular artery accompanies the utriculo-ampullary nerve and sup- 
plies the upper part of the vestibule, including the posterior part of the utricle with 
its macula, the saccule and the cristw: of the upper and outer ampulke of the corre- 
sponding semicircular canals. 

2. The cochlear artery pursues a spiral course. It gives off three branches, 
two of which are distributed to the lower turn of the cochlea, whilst the third sup- 
plies the middle and apical turns. 

3. The vestibulo-cochlear artery arises either from the cochlear artery or 
independently and divides, within the spiral lamina, into a cochlear and a vestibular 
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the epithelium within certain areas associated with the distribution of the auditory nerves. 
The nerve-fibres form their ultimate relations with the sensory areas by secondary growth into 
the epithelial structures. 

Development of the Auditory Nerves.—The vestibular and cochlear nerves, according to 
Streeter’, develop from a ganglion-mass first seen at the anterior edge of the otic vesicle. This 
consists of an upper and lower part 
frorm the dorsal and ventral portion Fic. 1278. 
of which peripheral nerve branches . 
are cleveloped, whilst a single stem ‘ 

conmects it with the brain. 

The nerves destined for the 

utricle and the superior and external 
ampualle develop from the upper 
Part of the ganglionic mass, while 
the meerves which supply the saccule WARES tid 
amc3 posterior ampulla develop from 
the lower part of this mass. The 
St@rmnm extending centrally from the 
§r2g~ Ilion toward the brain becomes 
the wrestibular nerve. 
The spiral ganglion begins its 
de=~-< opment at the ventral border 
of tlre lower part of this mass, the 
Ccon=F Tear nerve growing toward the 
&xn while the peripheral division 
teen taining the ganglion extends into 
thea amembranous cochlea. From Otic vesicle shows differentiation into three subdivisions, endo- 
= foregoing sketch, it is evident lymphatic, vestibular and cochlear. X 40. 
ta=at the membranous labyrinth is 
8] Fe tically the oldest part of the internal ear, and that it is, in fact, only the greatly modified 
arm< specialized closed otic vesicle surrounded by secondary mesoblastic tissues and spaces. 
Development of the 
Fic. 1279. Middle Ear.—The tympanic 
cavity and the Eustachian 
tube are formed essentially 
4 by the backward prolonga- 
Endolymphatic duct tion and secondary expansion 
of the inner entoblastic por- 
Savaitiler tion of the first branchial fur- 
see “recess row, the pharyngeal pouch. 
‘The dorsal part of the latter, 
in conjunction with the adja- 
cent part of the primitive 
pharynx, gives rise to the sec- 
Utriculo- ondary ¢ubo-lympanic space 
saccular pouch (Fuchs); the posterior end 
of this becomes dilated to 
form the tympanic cavity, 
A surtice 





Endolymphatic 
TeECESS 


Vestibular 
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while the segment interven- 
ing between the tympanic 
diverticulum and the pharynx 
is converted into the Eusta- 
chian tube. The first and 
second branchial arches con- 
tribute the roof of the tym- 
panic cavity. 

The ear ossicles are de- 
veloped in connection with 
fFuntac, differentiation of otic vesicle into endolymphatic duct, utriculo the primitive skeleton of the 

saccular pouch and cochlear duct. L 5 
visceral arches. The malleus 


ond ®ncus represent specialized parts of the cartilaginous rod of the first arch, the tensor tym- 

% being developed from the muscular tissue of the same arch, The sfapes is developed from 

~ Second arch. The mesoblast which surrounds the structures of the tympanic cavity during 
their development becomes spongy and finally degenerates toward the end of factat life. 


1 Amer. Jour. of Anatomy, Vol. VI., 1907. 
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The aircells of the temporal bone, including those of the mastoid process, are formed 
later by a process of absorption. 

The tympanic membrane results principally from changes which take place in the first 
branchial arch; it is originally thick and consists of a mesoblastic middle stratum, covered on its 
outer surface by the ectoblast and on its inner surface by the entoblast. 

Development of the External Ear.—The median portion of the ectoblastic groove of the 
first branchial furrow becomes deepened to form the outer part of the external auditory canal, 
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Diagram illustrating development ofhuman membranous cochlea; primary otic vesicle subdivides into vestibular 
and cochlear pouches and endolymphatic appendage ; cochlear pouch becomes ductus cochlearis ; from vestibular 

uch are derived utricle, saccule and semicircular canals; whilst endolymphatic appendage gives rise to endo- 
lymphatic sac and duct. (Streeter.) 


while the surrounding parts of the first and second arches develop into the auricle. About the 
fourth week of foetal life, the thickened posterior margin of the first arch is broken up into three 
tubercles by two transverse furrows. Similarly on the adjoining margin of the second arch, a 
second vertical row of three tubercles is formed and, in addition, behind these a longitudinal 
groove appears marking off a posterior ridge. From these six tubercles and the ridge are differ- 
entiated the various parts of the auricle, the lowest nodule of the first arch becoming the sragus, 
the remaining ones with the ridge giving rise to the Ae/ix, whilst from the three ventricles 
of the second arch are developed, from above downward, the antihelix, the antitragus 
and the /obude. : 
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a circular and a longitudinal. The inner surface of the stratum is often broken b_ < 
processes of muscular tissue which penetrate the tunica propria well towards tha 
epithelium. The muscularis mucosz belongs to the mucous membrane, and there= 
fore must be distinguished from the muscular coat proper, which is frequently . 
conspicuous additional layer in the digestive tract. 

Mucous membranes are attached to the surrounding structures by a submucou. 2 
ayer of areolar tissue. The latter varies in thickness and density, consequently the 
firmness of the union between the mucous and submucous strata differs greatly irm 
various localities. Usually the attachment is loose, and readily permits changes ins 

osition and tension of the mucosa, which, in the relaxed condition, is often throwrm 
into temporary folds or rug@, as in the cesophagus and stomach. In other place= 
the folds are permanent and not effaced by distention of the organ ; a conspicuous 
example of such arrangement is seen in the valvulz conniventes of the small intestine. 
in which the submucous tissue forms the basis of the elevation. 

The d/ood-vesse/s supplying mucous membranes reach the latter by way of thee 
submucous tissue, in which the larger branches divide into the twigs which pass intos 
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the mucosa. Within the deeper parts of the tunica propria the smaller arterial 
branches break up into the capillaries forming the subepithelial and papillary net- 
works, the vascular loops being limited to the connective tissue stroma and never 
entering the epithelium. The venous stems usually follow the arteries in their gen- 
eral course. When glands are present, the capillaries surround the tubules or alveoli 
with rich net-works in close relation to the basement membrane. 

The dymphatics within mucous membranes are seldom present as definite chan- 
nels, since they begin as the uncertain interfascicular clefts between the bundles of 
stroma-tissue. Towards the deeper parts of the mucosa the lymph-paths become 
more definite, and exist as delicately walled varicose passages which converge towards 
the submucous tissue. Within the latter the lymph-vessels form net-works richly 
provided with valves and the accompanying dilatations. 

The nerves distributed to mucous membranes include cerebral or spinal and 
sympathetic branches, the latter supplying especially the involuntary muscle of the 
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stroma and of the blood-vessels. Surfaces highly endowed with general and tactile 
sensibility are provided with a generous supply of twigs containing medullated fibres. 
As the latter pass towards their ultimate destination (for convenience assuming that 
all are peripherally directed) they lose their medullated character and, as naked axis- 
cylinders. form the subepithelial plexuses, from which delicate filaments pass into the 
popille, where they terminate either as free club-shaped or special sensory endings. 
t is probable that in places the nerves penetrate between the epithelial cells forming 
the layers next the basement epithelium and terminate in varicose free endings. 


GLANDS. 


Certain of the epithelial cells lining the mucous membranes of the body become 
modified to assume the réle of secretion-forming organs or glands, the products of 
which are poured out upon the free surface and keep the latter moist. The latter 
Purpose is secondary in the case of many important glands, as the parotid, pancreas, 
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tin bs &-—wer, since these organs supply special secretions for particular ends. Aggrega- 

as —"S= of the secreting elements vary greatly in size, form, and arrangement, as well 
we the character of their products. . 

tha The simplest type is the uxice//ular gland found in the lower forms; in principle 

is represented in man and the higher animals by the goblet-cells seen in pro- 

PCa, "1 in mucous membranes covered with columnar epithelium. The secretion 

m S& wed out by these goblet-cells serves to protect and lubricate the surface of the 

in-y ~~ .©us membranes in which they occur. The term ‘‘gland,’’ however, usually 

ia? ies a more highly developed organ composed of a collection of secreting epithe- 

jlements. 

Glands are classified according to their form into two chief groups, the fududar 

a <A the a/veolar, each of which occurs as simple or compound. (t should be empha- 

di that in many instances no sharp distinction between these conventional groups 
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delicate varicosities. Arnstein' has described a special minute plate-like end-organ 


as a widely occurring mode of nerve-ending in glands. 


W. Krause’ has noted in 


certain glands a form of end-capsule resembling a simplified Pacinian corpuscle. The 
Sy wwopathetic fibres are distributed especially to the involuntary muscle of the blood- 
tresses and the ducts, the peristaltic wave within the muscular coat of the latter facili- 


t= © 2 wog emptying of the secretion. 


J Development.—Since glands are only extensions of the mucous membrane or 
ica @<=—gument upon which they open, their development begins as an outgrowth or 


be wez <3 ding from the epithelium covering such surfaces. In 
tim < simple tubular glands the minute cylinders are closely 
p> == <ced and composed of densely packed cells. In the 
C=m=S<—= of the larger compound glands, as the salivary or 
pP=—= w-™= creas, the first anlage consists of a solid cylindrical 
p 3 e-2 gz which, penetrating into the mesoblast, soon begins 
tc Branch. The ends of the terminal divisions enlarge 
amm <_B eventually become the alveoli. Meanwhile the sur- 
rc» «zg mding mesoblast undergoes condensation and forms 
tk <= sinterlobular and other septa, as well as the general 
exam ~~ elope, or capsule, thereby giving definite form to the 
g — wna era glandular aggregation. The vascular and other 
s@ «2 ctures usually found within the interparenchymatous 
t8=Ss w2e are secondary and later formations. The develop- 
wm<r-at of the gland involves a double process of active 
g=-<>wth,—not only the extension of the epithelial pro- 
c@=SsSes, but also a coincident invasion and subdivision of 
tka<= latter by the mesoblast to form the constituent units 
of the organ. . The lumen of the gland appears first in 
thre = main excretory duct, from which it extends into the 
$©<Ondary tubes and, finally, into the alveoli. Growth, 
s©P=amation, and more regular arrangement of the cells 
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C<>¥r¥n1 posing the epithelial cylinders are the chief factors in producing the lumen. In 
the early condition of the glands, before the assumption of functional activity, the 
CLs; ater constituting alveoli of the serous or mucous type are similar and without 
2StOlogical distinction. Upon the establishment of their different réles, however, 
tae characteristics distinguishing the varieties of glands appear, the differences de- 
Pacing upon physiological rather than upon inherent anatomical variation. 


1 Anatom. Anzeiger, Bd. x., 1 


895. 
? Zeitschrift f. rational. Med., Bd. xxiii., 1865. 





THE LIPS, CHEEKS, AND VESTIBULE. 1539 
Fat is found irregularly disposed among the muscles of the cheeks in varyin, 
quantity, but in the depression in front of the masseter and superficial to the acckate 
there is a distinct ball of fat enclosed by a capsule, which is the remnant of the so- 
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Sagittal section of head of young adult, (hree-fourths natural size. 


Salled * button’’ of infancy,—a collection which gives resistance to the check and pre- 
Vents it from being flattened by atmospheric pressure during nursing. The mucous 
Membrane is reflected from the cheeks onto the jaws, where it covers the gums. 
This line of reflection at the middle of the lower jaw is 7 or 8 mm. from the alveolar 
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border and about twice as far from it in the upper. In both jaws, but especially 
the lower, the line approaches the teeth as it passes backward. There is a distin 
fold or /renum of mucous membrane passing from the anterior nasal spine to 1 
middle of the upper lip. The free edge is often irregular, and may have a nodu 
enlargement. A much smaller fold is. often found on each side in the region 
the bicuspids. A median fold to the lower lip is small and inconstant.  Externa 
the lips present a red region of modified mucous membrane, intermediate betwe 
the skin of the face and the mucous membrane of the mouth, A sagittal secti 
through cither lip shows these three parts. In the new-born the intermediate! ps 
is subdivided into two, of which the inner—rather the broader—more closely rese: 
bles true mucous membrane than the latter. After death in the young child 
assumes a brownish color, which has been mistaken for the effect of acid. In t 
adult these two subdivisions lose their distinctness. The lower lip is the larger a 
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fuller, showing more red except towards the angles of the mouth, where it disz 
pears. Its lower border is slightly indented in the middle. The upper lip shows 
more marked indentation below a little gutter, the AAd(rum, running down from t 
nasal septum. A slight median prominence of the lower edge of the upper lip is t 
tubercle, which interrupts the straightness of the cleft when the lips are closed, maki 
the line resemble a Cupid's bow, 

The muscles of the lips are a complicated interlacement from many soure 
The ordicudaris eris, formerly supposed to form a sphincter, has no separate exi 
ence, The general plan is as follows. The upper fibres of the buccinator enter t 
lower lip and pass out at the opposite angle to ascend into the upper part of the ott 
buceinator, “Those of the lower part: trav the upper lip in a similar mann 
The layer formed by the buceinator lies under the mucous membrane near the borc 
of the lips. and bends forward so that its edge is nearest the skin at about its juncti 








"Otto Neustatter : Veber den Lippensaum, ete., Inaug. Dissert., Munich, 1894. 
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cases. We shall speak instead of the inner and outer sides of the incisors and 
canines and of the anterior and posterior sides of the bicuspids and molars. If the 
position of the tooth in the jaw be remembered, no confusion is possible. 

The Incisors.—The crowns are characterized by slightly convex quadrilateral 
labial surfaces, rather broader than the lingual ones, and ending in straight cutting 
edges, slightly concave lingual surfaces slanting forward and bevelled at the edge, 
triangular lateral surfaces, and single roots. The labial and lingual surfaces of the 
crowns are bounded at the root by curved lines, the convexity being towards the 
gums. At the sides these borders are continued as straight lines towards the free 
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Crown of last molar. 


Parent teeth, showing their forms and relations; outer surface of jaws partly removed. 
partially formed. 


Last molars are only 


ate, and meet at an acute angle. ~The enamel is continued farther on the lingual 
Sax “ace, especially in the lateral incisors of both jaws. The cutting edge shows three 
all scallops on its first appearance, but they speedily wear away (Fig. 1298). 
The superior median incisors are much the largest. The labial surface of 
thea, Crown is nearly square. The inner half of this surface is more strongly convex 
lea the lateral. Traces of three swellings are often found on the labial side of the 
fees” half of the crown extending to the three primitive scallops on the edge. The 
= edge meets the internal border at nearly a right angle, but the outer angle is 
fO\anded. The lingual surface, narrower than the labial, is a little concave. Some- 
UMes the edges are raised so as to leave a distinct V-shaped depression, in the 
Middle of which runs a vertical ridge, the c¢ngudiom, which ends below in a taéercle. 
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in the gncanae ol the border between the dentine and the cementum there 
normally a distinct zone, the granular layer of Tomes (Fig, 1311), composed of 
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Transverse section of root of lower canine tooth. \ go. 


closely placed interglobular spaces of small size ; under low magnification in ground- 
sections the spaces appear as dark granules, hence the designation of the zone. Since 
the existence of these spaces depends upon imperfect calcification of the intertubular 
ground-substance, the dentinal tubules are unaffected and pass through the spaces on 
their course to the surface of the dentine, several of the canals traversing the larger 
spaces. The contour lines of Owen, or the incremental lines of Salter, appear as 
linear markings, which usually run obliquely to the surface of the dentine (Fig. ey 
probably depend upon variations in calcification incident to the growth of the 
dentine, and resemble the interglobular spaces in their origin, The contour lines 
are best marked in the crown and are only exceptionally seen in the fang. As 
pointed out by Walkhoff, the lines of Owen and those of Retzius in the enamel are 
usually present at the same time, since both are expressions of imperfect calcification. 
The Cementum.—The cement, or crusfa petrosa of the older writers, forms 
an investment of slightly modified osseous tissue from the neck of the tooth to its 



























IMPLANTATION AND RELATIONS OF THE TEETH. 1555 


| in contact with their neighbors, there being no break or diasfema in the 
y between the incisors and canines for the points of the canines of the lower 
he canines project very little beyond the line of the free edges. The crowns 
iam The ver- 

the median 






free 

1 size the incisors to the first molars and then decrease, 
d from the gum to the free edge regularly diminishes from ed 
: backward, with the exception of the canines. The lines of the teeth above 
and below are practically of the same length. When the mouth is closed the superior 
~ canines lie to the outer side of the 
inferior ones, opposite the ends of 
the lips; thus the median upper 
incisors impinge on both the lower 
ones of the same side, and the 
upper lateral incisors strike both 
the lower lateral and the canine. 
In the same way the point of the 
cusp of the upper first bicuspid 
rests between points of both 

the’ inferior ones, and that of th 
second on both the second lower 
and the first molar. The first 
upper molar has, perhaps, a quar- 
ter of its grinding surface on that 
of the inferior second molar, but a 
uss inet the wou of atv, acne creanies; 68m: poor ghee on the lower wieder, 
tooth. The smaller size of the 
upper wisdom-tooth brings its posterior border into line with that of the lower. This 
arrangement causes the opposed crowns to interlock to a certain extent, but not so 
closely that grinding movements cannot occur between them, The advantage of each 
tooth coming in contact with two is evident after the loss of a tooth, as the one cor- 
responding to it is not rendered useless, In the upper jaw the incisors have a marked 
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Dental arches seen from behind. 


forward inclination, and overlap the lower, concealing nearly a third of their crowns, the 
mouth being closed. The crowns of the upper bicuspids look pretty nearly downward 
and those of the molars slant outward. This is very marked in the wisdom-tooth and 
may be very slight in the first molars. The lower incisors have the front surfaces nearly 
vertical nthe molars have an inward slant, so as to bring their axes into the same line 


a _— 
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irznmer part of the tooth-sac is richly preried ei rae and therefore is an 
ixraportant source of nutrition to the developing dental germ. The part of the sac 
posite the root of the young tooth is at first prevented from coming into direct 
©ontact with the dentine by the double layer interposed by the epithelial sheath. 
This relation is maintained until the development of the cement begins, when the 
‘Wesscular tissue of the dental sac breaks through the epithelial sheath to reach the 
Stariace of the dentine, upon which the cementum is deposited by the mesoblast. In 
©ensequence of this invasion, the epithelial sheath is pted into small groups or 
®xests of cells which persist for a long time as epithelial islands within the fibrous 
tissue of the alveolar periosteum into which the dental sac is later converted. 

The formation of the cementum takes place through the agency of the 
Ex esoblastic tissue in a manner almost identical with the development of i 
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Jaws of child of six years, showing all temporary teeth in place with permanent teeth In various stages of 
development, 


bone, the active cement-producing cells, or cementob/asts, corresponding to the osteo- 
blasts which deposit the osseous matrix upon the osteogenetic fibres of the periosteum. 
A conspicuous feature of cementum is the unusual number of transversely disposed 
bundles of fibrille, or Sharpey’s fibres, among which many are imperfectly calcified. 
The cementum appears first in the vicinity of the neck of the tooth, and progresses 
towards the ape of the root as the dentine of the fang is deposited. After the tooth 
is fully formed, the layer of cement continues to grow until thickest at the apex, which 
it completely invests, with the exception of the canal leading to the entrance of the 
pulp-cavity. The cement being deposited directly upon the homogeneous layer con- 
Stituting the external surface of the dentine, the firm connection between the two 
portions of the teeth is one of adhesion rather than of union. Later secondary 
changes may exceptionally bring the canaliculi of the cement into communication 
with the terminations of the dentinal tubules. During the changes incident to the 
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completed tooth-development the tissue of the dental sac becomes denser, the —=gge7art 


opposite the root persisting as the pericementum which intimately connects the 
cementum with the alveolar wall, while the more superficial part blends with the 
tissue forming the gum. : 
The development of the permanent teeth is early provided for by the ddil- 
ferentiation of the anlayes of the secondary dental germs during the growth of the 
first. This provision includes the thickening and outgrowth of the dental bar to fas==«2rm 
the enamel-organ of second dentition, and later the appearance of a new dental Pp 


pilla beneath the epithelial cap. The enamel-organ for the first permanent m——<>lar 
appears about the seventeenth week of foetal life, followed soon by the corresponc——@ ing 


dental papilla. The germs of the permanent incisors and canines, including the 
papillw, are formed about the twenty-fourth week ; those for the first bicuspids ate 
seen at about the twenty-ninth week, and those for the second bicuspids about ane 


month later. The interval between the formation of the enamel-organ and the a=====S0" 
ciated dental papilla increases in the case of the last two permanent molars. W Bile 
the enamel-germ of the second molar appears about four months after birth and aahe 
corresponding papilla two months later, the enamel-organ for the third molaroeee 
wisdom-tooth, which is visible about the third year, precedes its papilla by alam <O%t 
two years, — 

The First and Second Dentition and Subsequent Changes.—At bast ath 
the jaws contain the twenty crowns of the milk-teeth, the still separate cusps of = “© he 
first permanent molars, one of which has begun to calcify, and the uncalcified na <i. 
ments of the permanent incisors and canines behind and above the correspond 2 38 
milk-teeth of the upper jaw, behind and below those of the lower. At birth the bos #*Y 
plate above the alveoli of the upper jaw is separated by a little diploé from the fic -2-2" 
of the orbit. The milk-teeth come through the gum in five groups at what are cal <I 
dental periods, separated by intervals of rest. The grouping is more regular than = ae 
time of eruption. The teeth of the lower jaw have a tendency to precede their fello ~—ss 
of the upper. 


TABLE OF ERUPTION OF MILK-TEETH.! 


Dental Periods. Groups of Teeth. 
I. Six to eight months. Two middle lower incisors. 
II. Eight to ten months. Four upper incisors. 
III. Twelve to fourteen months. Two lateral lower incisors and four first molars. 
IV. ighteen to twenty months. Four canines. 





V. Twenty-eight to thirty-two months. Four second molars, 


The interval between the first and second periods is practically nothing. It 
very common to have the first two groups appear together. After this every interval 
is longer than the preceding one. In the matter of time no part of development is 
more irregular than that of the teeth. The first incisors occasionally appear early in 
the fifth month and sometimes not till the tenth, or even later. The first dentition is 
sometimes complete at or shortly after the close of the second year. The roots are 
not fully formed when the crowns pierce the gums. The first set of teeth is in its 
most perfect condition between four and six years. 

Calcification of the second set begins in the first molar before birth, in the incisors 
and canines at about six months, the bicuspids and the second upper molar in the third 
year, the second Jower molar at about six, and the wisdom-tooth at about twelve. 

The first permanent molars come into line with the milk-teeth, piercing the gums 
before any of the latter are lost. Before eruption the upper first molars lie nearer the 
median line and farther forward than the lower. The roots of the incisors are absorbed 
and the crowns fall out to make way for their successors. The molars do the same 
for the bicuspids which grow between their roots. The permanent superior canines 
are developed above the interval between the lateral permanent incisors and the first 
bicuspid, which are almost in contact. © An expansion of the jaw is necessary for them 
to come into place. The inferior ones have more room, | Both are somewhat external 
to their predecessors. The second upper molar comes down from above and behind, 


4 From Rotch's Pediatrics, 
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and so does the wisdom-tooth much later. The inferior second molar is formed 
almost in the angle between the body and ramus. The inferior wisdom-tooth, before 
it cuts the gum, faces forward, inward, and slightly upward. To the table from 
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Permanent canine 


Bicuspids 
Permanent incisors 


Temporary canine 


Temporary molars 


Permanent incisors 


Temporary canine 


Permanent canine 


Bicuspids 


i - Ss af tes 
W'S Of child of ten years, showing partially erupted permanent teeth with temporary canines and molars still in 


i 
‘Otch we add one from Livy,' who made observations on several thousand children 
Mglish and Irish operatives. 


TABLE OF ERUPTION OF PERMANENT TEETH.? 






Years. Groups. Years. % Groups. 
6 Four first molars. Io Four sccond bicuspids. 
7 Four middle incisors. at Four canines. 
8 Four lateral incisors. 12 Four second molars. 
9 Four first bicuspids. 17 to 25 Four wisdom-teeth. 


TABLES SHOWING TIME OF ERUPTION OF PERMANENT TEETH.? 


Boys. 

Ages. q 10 Ww 12 12 4 15 16 Total. 
Lateral incisors .. 2.) 2) 42 9 4 1 Dt. 8 59 
First bicuspids 2. 2. “6 12 I to 5 fs bee Gos go 
Second bicuspids. . .. . . 59 36 5 aes 1 Msc htes or 
Canines... ..... oe ES 28 25 8 REY Si ar GE 79 
Second molars... . . we oS 42 67 275 184 78 12 663 


' British Medical Journal, 1885. 2 From Rotch. 3 From Livy. 











THE PALATE. 1569 


This is concave on each side, and presents a median elongation, the xvuda, which 
waaries from a short prominence to a cord 2 cm. in length. Thus the palate has 
a_ lower surface looking downward and forward and an upper one looking upward 
andé backward. When the mouth is closed the palate and uvula rest against the 
tomgue ; when open they hang free, but the muscles inside can modify their shape 
and position. Median sections show the tip of the uvula often reaching within half 
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Azygos uvulae Tendon of tensor palati 


Pharyngeal mucous membrane Artery / Levater palati Palato-pharyngeus 
f f 






Masses of glands Oral mucous membrane 
Transverse section of soft palate near its anterior attachment. x 4. 


an inch of the tip of the epiglottis. Possibly muscular relaxation allows it to descend 
somewhat farther than in life, but it is certain that no very great elonyation is neces- 
Sary for it to touch that organ and give rise to great discomfort. The soft palate can 
Faised so as to touch the back of the pharynx and close all communication between 
the nose and the mouth. Two folds, the pillars of the fauces, cach the reflection of 
the mucous membrane over a muscular bundle, start from the palate on either side. 
he anterior pillar, enclosing the palato-glossus muscle, arises from the front of the 
late near the uvula, some distance anterior to the edge, and, curving downward, 

Tuns to the tongue at the junction of the middle and posterior thirds, separating the 
Mouth from the pharynx and forming the posterior border of the swd/ingual space. 

e posterior pillar starts from the lower border of the palate on either side of the 

Uvula, covering the pa/ato-pharyngeus, and runs down the throat to the superior cornu 
of the thyroid cartilage, the lower part being indistinct. Some of the muscular fibres 
Within it go to the upper border of the thyroid cartilage in front of the horn, but the 

old. is not often found so low, except in frozen sections, in which it appears at the 
Sides of the back of the pharynx. 

P A deep triangular recess on either side, between the anterior and posterior 
Pillars, contains the tonsil. This region is often vaguely described as the isthmus of 
the Fauces, one being left in doubt whether it belongs to the pharynx or to the mouth. 
In the preceding pages the pharynx is described as beginning at the anterior pillar. 

- The reasons for this divi- 

Fic. 1328. sion are developmental, 

Fibres of azygos uvule Pharyngeal mucous membrane morphological, and phys- 

; ri iological. The part of 

the tongue anterior to 
this fold is of mandibular 
(buccal ) origin, while the 
part behind it comes from 
~ the pharynx. The sur- 
Masses of glands Oral mucous membrane face of the former is sup- 
Transverse section of soft palate near base of uvula. x 4. plied by the mandibular 

nerve, the third division 

of the fifth, and the latter by the glosso-pharyngeal. The mucous membrane of the 
POSterior third does not bear papillze (except the circumvallate papilla near the june- 

Hn of the two regions), but is rich in adenoid tissue and glands, differing in both 
f€spects from the part in front of it. The arrangement of the transverse fibres of the 

#'0sso-palati muscles in the substance of the tongue suggests a sphincter at the 

etrance of the pharynx. Finally, in deglutition it is in passing this line that the 

lus ceases to be under the control of the will. 
99 
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of the muscle must be dissected from behind, after removing the constrictors —= 
the pharynx. ) 

The palato-glossus (Fig. 1339) is a small bundle arising from near the mid —- Mc 
line of the oral side of the lower part of the soft palate, forming by its projection ti —=saml 
anterior pillar of the fauces, in which it runs to the tongue, where it joins the trans=——sammn 
verse fibres. The pair of muscles act as a sphincter tending to close the passage fro 
the mouth to the pharynx. A thin expansion from this muscle passes over the tons-> === 

Vessels.—The arteries of the palate (both hard and soft) come chiefly fro —_— 
the descending palatine, which, emerging from the posterior palatine canal, runs fo———<«<—! 
ward along the inner side of the base of the alveolar process. It sends a few branchems=> ¢ 
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Salpingo- - if Levater palati 
pharyngeus - ; 
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Internal — 
pterygoid 
Hamular process 


constrictor hdl = Wo! y = S “ - - Tensor palati 


Levator palati. 


Asygos uvulae 
Palato-pharyngeus: 


Posterior surface of tongue 
Palato-pharyngeu 


Superior orifice of larynx 
Stylo-pharyngeus. . = 


Posterior crico-arytenold 


—(Esophagus 


Muscles of palate and pharynx, seen from behind ; pharynx laid open. 


inward and backward to the front of the soft palate, which is supplied on the side by 
a branch either from the facial or from the ascending pharyngeal. It is to be noted 
that no vessel is likely to interfere with the division of the tensor palati at the inner 
side of the hamular process. 

The vers of the hard palate follow in the main the arteries. Those of the upper 
side of the soft palate join the plexus of the zygomatic fossa. The larger ones of the 
under side connect with the veins of the tonsil and the root of the tongue. 

The (vmphatics of the hard palate and of the under side of the soft palate form 
arich plexus. These on the upper side of the latter are small. The chief current is 
to the deep ylands of the neck. 
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easily recognized, as just before it is a V-shaped arrangement of circumvallate papillas== 
the median apex being at or near a small depression, the foramen cecum, whic— 
marks the termination of the foetal duct through the tongue from the thyroid. [a= 
the adult this may be a short tunnel or a depression, into which the ducts of sever==— 
glands open. According to Miinch,' it is always behind the hindmost circumvallatar. 
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Posterior pillar of fauces 


Fairey constitatin, 
ingual tonsil : 


Fungiform 
papill 





Anterior portion of head has been remover by frontal section passing through plane of posterior nares; the 
cut in middine and turned aside, exposing posterior wall of pharynx; tongue drawn forward and ‘ieencerte 


papilla. The mucous membrane covering the dorsum of the tongue is closely beset 
with elevations, or papili@, of which there are three varieties, the filiform, fungiform, 
and cireumvallate. In general they consist of a core of connective-tissue stroma coy- 
ered with stratified squamous epithelium ; the projection formed by the connective 
tissue bears minute secondary papilla, which, however, do not model the free sur- 


'Morpholog Arbeiten, Bd. vi., 1896. 








THE TONGUE. 1577 
the base of the palato-glossal fold. Anteriorly towards the dorsum the serous glands 
sTvcel bh artes ry btn en nae cirometh ral el Fi 1287), 

may be included within a single 1287). 
_ The posterior third ot cthe dorsum, from she chonualists iat heiowers 


possesses a rich, almost continuous layer of mucous glands, 5 mm. sanity 
mess, which lie beneath the mucous membrane and mi at wth the lymphoid tissue. 





Since the alveoli lie among the muscles at some the excretory ducts often 
withs the tyeph follies. 10-15 mm., and open on the surface in close association 
The anterior mucous glands (Fig. 1287) are disposed y as two elon- 
real inte glandule linguales anteriores, or pcbepaae 9 , oF of Blandin 

from 15-20 mm. in » 7-9 mm. in width, and somewhat less in thickness), 

which lie on either side the mid-line, near the ti of the tongue, among the mus- 
cutlar bundies. They meet in front, but diverge behind, where they may be con- 
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Tnterlacing fibrous and 
lar bundies 





Section from posterior third of child's tongue, showing lymph-nodes constituting a part of lingual tonsil. % 30. 


tinued backward by additional collections of mucous glands along the edges of the 
posh a The ducts—five or six in number—open on the folds occupying the under 
of the tongue near the frenulum, 

Muscles of the Tongue.—These include two groups, the extrinste and the 
inirinsic muscles. The former pass from the skull or hyoid bone to the tongue ; the 
latter comprise the particular muscles forming the principal mass of the argan. Their 
general arrangement is as follows. Under the mucous membrane is a dense sheath 
of longitudinal fibres, surrounding the others completely near the apex, and farther 
back ee at the middle of the under surface where the fibres of the genio-glossi 
and hyo-glossi enter the organ. This outer layer is the cortex. The inner part is 
divided into two by a vertical median septem of areolar tissue, which is quite dense 
in its upper It is sickle-shaped, with the point in front and not reaching the 
apex. inner portion, or meduéla, is composed of transverse muscle-fibres inter- 
posed between layers of those called vertical, which in fact present many degrees of 


e extrinsic muscles are the genio-glossus, the hvo-glossus, the stylo-glossus, 
and the pafato-g/ossus, to which may be added, from its position, the gento-hyeid. 


All of these are in pairs and symmetrical. 
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The genio-hyoid (Fig. 1339) is a collection of fleshy fibres clo " 
the median line, from the inferior genial tubercle to the anterior surface of the bo==—™ 
of the hyoid bone, It is a thick band, four-sided on transverse section, v n 
angles, and expands laterally on approaching its insertion. A layer of areolar tis = 
separates it from its fellow. ‘ | 

Nerve.—The nerve-supply is from the hypoglossal, but probably consists = 
fibres derived from the cervical nerves. 

Action.—To draw the hyoid forward and upward ; or, when fixed below, 2 
eae selene ar (F above the preceding by short | 

 genio-glossus (Fig. 1339) arises just e preceding ter 
dinous fibres from the superior genial tubercle. — Its inbeior fibres run hori 
backward to the base of the tongue, passing over the hyoid bone to the base of the= 
epiglottis ; the fibres above these, inserted successively into the mucous membrane oi 
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Stylo-hyold (cut) 






Middle constrictor 


Pharyngeal and extrinsic lingual muscles 


the dorsum of the tongue near the middle line, are at first oblique, then vertical, and 
finally concave anteriorly as they approach the apex, so that the muscle pcre 
when seen from the side. Each muscle is separated from its fellow by the medi 
septum. 

Nerve.—The hypoglossal. 

Action.—The complex action of this muscle includes retraction of the och ie by 
the anterior fibres, drawing forward and protrusion by the posterior fibres, and depres- 
sion, with increased concavity, of the dorsum by its middle part. 

The hyo-glossus (Fig. 1339), external to the preceding, from which it is sepa- 
rated by areolar tissue, arises from the side of the body of the hyoid, the whole of the 
greater horn, and the lesser horn. The last portion, rather distinct from the rest, is 
described sometimes separately as the chondro-glossus. The whole muscle, 
applied to the side of the tongue, forms a layer of fibres directed upward and for- 
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longitudinal dag the various parts of which can act s 
any direction. 






afte eee 
particnlarly at bit Hey bt te ater bay ace mao the pi 


Vessels.— arteries sup! oe tongue are tessa oh the 
ls We CN destrbed (pa 735). h there may be a trifling anasto- 
mosis at the tip between a vessels of the opposite sides, there is no communication 
sufficient to re-establish the circulation at once, so that ligation of either artery 
will render that half of the tongue bloodless for an operation, The vers consist of 
four sets on each side, communicating freely with one another. They are (1) the 
dorsal veins forming a submucous pronbibhe spammed: Jesh 
and joining those of the tonsil and pharynx, (2) two veins accompanying 

and sometimes forming a plexus about it, (3) two with Haba sere (80 two 
with the hypoglossal nerve. Of these latter, the one below 

and is the ranine vein, running on the under ‘surface of the sui gueiioceaae aan 
the frenum. The /ymphatics present a rich net-work on the anterior two-thirds of 
the dorsum. The multitude of spaces throughout the organ communicate with lym- 


Fre. 1348. 
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Glands 


Portion of sublingual gland Septum Genio-glossus Hyo-glossus 
Transverse section of tongue of child, through middle third. 3. 


phatics. Some from the median part empty into the suprahyoid glands, but most 
go to the submaxillary and to the deep cervical glands. 

Nerves.—The mofor fibres are supplied by the hypoglossal, aided probably by 
the facial through the chorda tympani. Those of common sensation are from the 
lingual branch of the fifth for the anterior two-thirds and from the glosso- L 
for the remainder, excepting the region just in front of the ine escee ee 
supplied by the superior laryngeal from the vagus. The Rast Stowe 
somewhat overlaps the posterior third, as it supplies the circumvallate and iliane 
papilla. The chief fibres of special sense are derived from the Rese Ke 
their principal distribution being to the taste-buds on the circum 
garding the source of the taste-fibres to the anterior parts of the poser ae 
still differ. According to many anatomists, these fibres reach their Sieure 
through the chorda tympani, since the latter nerve is supposed to receive taste- 
fibres fi from the ninth by way of the pars intermedia of Wrisberg, which accompanies 
the facial. According to Zander,’ Dixon,* Spiller,* .and others, however, the view 
attributing fibres of special sense for the anterior part of the tongue partly to the 
fifth nerve is correct. 

Growth and Changes, —At birth the tongue is remarkable chiefly for its want 
of depth, as shown in a median section, which depends on the undeveloped condition 
of the jaws. This is gradually corrected coincidently with the growth of the face. 

' Anatomischer Anzeiger, Bd. xiv., 1897. 


* Edinburgh Medical Journal, 1897. al 
® University of Pennsylvania Medical Bulletin, March, 1903. 


. 


THE SUBLINGUAL SPACE. 1581 


The circumvallate papillz’ are imperfectly developed for some time after birth, so 
much so that it is not easy to recognize them. The foliate papillze are also relatively 
undeveloped. On the other hand, the fungiform papilla are proportionately both 
larger and more numerous than in the adult. The development of the adenoid tissue 
at the back of the tongue occurs during the last two months of fcetal life. In places 
the connective tissue surrounding the ducts of the mucous glands becomes infiltrated 
with leucocytes and is transformed into lymphoid tissue (Stohr). 


THE SUBLINGUAL SPACE. 


This space is between the lower jaw and the tongue, above the mylo-hyoid, and 
bounded behind by the fold of the anterior pillar of the fauces passing to the tongue. 
Tt is lined with thin, smooth mucous membrane reflected from the mandible to the 
tongue and attached lightly to the parts beneath. With the mouth closed, this 
space is filled by the tongue. In the living subject it is best examined when the 
mouth is open and the tip of the tongue applied to the upper incisors. The /renum, 
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—Plica fimbriata 


_Frenum 


& —Sublingual ridge 
—_Orifces of submaxillary and 
sublingual ducts 


Sublingual space, tongue pulled up. 


qe developed, passes in the middle line from the tongue to end over the floor of 
th mouth. Close to its termination on either side is a smooth elevation caused by 
ie Sublingual gland, which in the present position is drawn upward under the 
ones: A varying number of gland-ducts perforate the mucous membrane with 
of Aces hardly visible to the naked eye. Internal to these swellings at the lower end 
bl he frenum is a small enlargement on each side of the median line, so closely 

©Nded, however, as to seem but one; these elevations, the caruncule salivares, 
Tees the point at which the duct of the submaxillary gland opens on each side. 
4s duct runs along the floor of the sublingual space between the mylo-hyoid 
Muscle and the mucous membrane, a small part of the gland usually accompanying 
‘Ne duct a short distance over the muscle, forming a prominence, the sué/ingual 
"dge (plica sublingualis). A constant group of glands is found in the mucous 
™embrane below the incisors.’ 


‘Stahr : Zeitschrift fiir Morph. und Anthrop., Bd. iv., Heft 2, rgo2. 
* The sublingual bursa alleged to exist on either side of the frenum has not been described, 
it is at most extremely uncommon. 
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THE SALIVARY GLANDS. 







Pr 


ng from 20-30 gm., with a consi these + 
teiad thenpper of the ramus of the lower jaw, which it overlaps be 
and without. Its limits in both directions are very variable. The prolo 
ward over the masseter muscle may become nearly distinct from the rest of the 


Buceal branch of, 
cial nerve 





Mylo-hyoid 


Digastric, anterior belly 
“Submaxillary gland 


Superficial dissection, showing parotid and submaxillary glands undisturbed. 


and is then known as the socia parotidis, The sheath of the parotid is a strong fibrous 
envelope continuous with the cervical fascia in front of the sterno-mastoid, closely 
applied to the glandular substance and continuous with the partitions that pass 
through the organ, so that it can be dissected off from the gland only with difficulty. 
The parotid is divided into many small compartments or lobules by these resisting 
septa of fibrous tissue, the quantity of which gives it toughness. The shape of the 
parotid, as well as its size, is yariable, since it grows where it can among more or less 
resisting structures, Its shape and relations, therefore, may be considered together, 

Relations.—The parotid occupies a cavity bounded in front by the ramus of 
the jaw, covered by the masseter and internal pterygoid muscles; behind by the 
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point, the gland appears on the surface. It projects but little, if at all, on the outer 
side of the jaw, but curls around the posterior border of the mylo-hyoid muscle 
and extends for some distance in the floor of the mouth, under the mucous mem- 
brane, in the angle between the mylo-hyoid and the hyo-glossus, sometimes reach- 
ing the sublingual gland (Fig. 1344). _ It lies in a capsule derived from the cervical 
fascia, which is so loosely attached that the gland can easily be isolated. The 
anterior end of the posterior belly of the digastric and of the stylo-hyoid pass behind 
and beneath it. The hypoglossal nerve and the lingual vein lic beneath it, as does 
the first part .of the lingual artery, until the latter passes under the hyo-glossus. 
Its sublingual branch runs along the inner side of the prolongation of the gland, 


Fic. 1344. 


- 






_~ Parotid duct 
Masseter 


Parotid gland — 


Internal pterygoid 5 
se Oral mucous 
Superior constrictor 4 } ‘ membrane 


Diga Deeper att 
n waaillary 


—Cul mandible 


Stylo-pharyngeus 
Occipital artery 


Internal carc 
t 









rhe 
sake ‘Genio-glossms 


Inferior constrictor_I ; os Nieto 

Stump of digastric, anterior bell 
‘Submental artery 

\Submazxillary gland, superficial part 


\ 
\ \ Great cornu of hyoid bone 
\ Hyo-clossus 
Thyro-hyoid 
Deeper dissection, showing relations of salivary glands. 


to which it sends vessels. The facial artery lies beneath the gland before reaching 
the border of the jaw. The facial vein is superficial to it. The lingual nerve lies 
above the prolongation. 

The submaxillary or Wharton’s duct runs from the front of the main body 
of the gland along the floor of the mouth under the mucous membrane, often accom- 
panied externally by the prolongation of the gland. It is from 4-5 cm. long, with a 
diameter of 3mm. Its walls are decidedly thinner than those of the parotid duct. 
Anteriorly it rises to open into the mouth by a little papilla on the side of the frenum 
linguwe, the last few millimetres running in a fold of mucous membrane, The lingual 
nerve passes under the duct from without inward) soon after it leaves the gland. 
The sublingual artery is beside it and a plexus of veins around it. 
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-—The arteries of the sublingual gland are derived from the facial and 
branch of the lingual. The veévs are from the corresponding ones. 


a SThe gland receives flaent from the sympathetic lexus accompa- 


oe se the lin nerve, and from the su 
“ihe Sablingva Gland.—This differs from the two > preceding glands in havi 

aces soeee-arealan ananes.on: Sha. Deylipty id muscle, at the front 

Me ea mabtcctel cpece Its weight is 3 or 4 Hach gland rst internally 
@=ainst the genio-glossus, and anteriorly they tou one an They are more 

Fisaee_” n ao into lobes than the others. Testut regards ap as aggregations of 
Freeing pl oeemei The sublingual glands are covered by the mucous membrane of the 
Aloorof th, which they press upward into rounded swellings on either side 
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“of the begin of the frenum,. The sag fo nerve and the submaxillary duct are 
On the ae The sublingual or Rivini’s ducts vary in number from four 
to twenty or more. They open for the most part in the floor of the mouth, but 
Some may join Wharton's duct. Bartholin's duct is an inconstant one, larger 
ee the others, that usually opens close to the outer side of Wharton's duct, which 
it follows. 

Vessels.—The arteries are from the sublingual branch of the lingual and the 
submental branch of the facial, which latter sends minute twigs through the mylo-hyoid 
muscle. The blood escapes into the ranine vein, The /ymphatics run to the sub- 
maxillary nodes. 

Nerves are from the sympathetic, the lingual, the submaxillary ganglion, and, 
according to some, from the chorda tympani. 


STRUCTURE OF THE SALIVARY GLANDS. 


The three chief salivary glands possess in common the tubo-alyeolar type of 
structure; depending upon the character of their secreting cells and products, the func- 
tionating organs represent both the serous and mucous varieties. The parotid is a 
pure serous gland ; the submaxillary is a mixed one, the alveoli containing serous cells 
predominatin, the sublingual, also a mixed gland, consists chiefly of mucous alveoli, 
the serous ad being limited to the marginal groups constituting the demilunes of 
Heidenhain. 
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Section of small lobule of parotid gland. ‘% 8o. 


chromatin net-works. The system of excretory canals begins at the alveoli as the 
intermediate tubules, which in the parotid are relatively long, about .o1o mm. in 
diameter, and lined with low, flattened cells, directly continuous with the taller alveolar 
ithelium, on the one hand, and with that of the intralobular ducts on the other. 
The latter, or salivary tubules of Pfliiger, of larger diameter (about .o35 mm.) than 
that of the immediately preceding or succeeding segments of the canal, are « 
with a single layer of columnar cells, some .org mm, in height, which peso 
tiation into an inner and an outer zone. The fo former, next 
umen of the tube and containing the nucleus, appears finely granular or ¢ 
, while the outer or basal zone exhibits a longitudinal striation ¢ 
of rows of minute granules, After treatment with certain reagents, the d zone 
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p by iter 
Ped ; = clelt involves only the soft palate, Ss 


palati. The former turns around the hamular process and passes almost horizon- 
tally towards the median line, the latter lies close to the posterior surface of the 
soft aay be and runs obliquely from above downward and inward. These muscles 
by various incisions, the simplest being a section of the velum near 

border and parallel with the cleft. 
hamular process may be felt behind and a little internal to the last molar 
tooth. The pterygo-mandibular ligament may be felt passing from the hamular 


is cil the erior end of the mylo-hyoid vider of the lower jaw just behind the 
last molar tooth, ‘The fold of mucous membrane covering it may be seen when the 


the base of the pterygo-mandibular 
ligament and below the last molar. 
With a behind the 
last molar, the swell of the alveolar 
ridge can be recognized as it nar- 
rows to pass into the ramus. The 


that ridge. It is sometimes divided 
for the relief of the unbearable pain 
of carcinoma of the tongue. This 
may be done by entering the point 
of a curved bistoury a litde™ less 
than three-quarters of an inch be- 
hind and below the last molar and 
pict on the bone towards the 


The Floor of the Mouth. 
—The mylo-hyoid muscle, extend- 
ing from the symphysis to the last 
tooth, separates the buccal 
cavity from the neck. Infections 
or neoplasms beginning above this 
muscle are first recognized through 
the mouth; those below it in the 
te tase chosen above i much membrane emo and ange Stn npn ni 
and directly beneath the mucous 
membrane of the floor of the mouth ; the duct of the submaxillary gland occupies 
a similar position. Affections of these structures, therefore, manifest th ves 
in the mouth. The submaxillary gland, however, lies partly beneath the poste- 
tior border of the mylo-hyoid. Accordingly, disease of this gland is apt to show 
most markedly beneath the jaw (Fig. 267, page 247). ‘‘ Ludwig's angina’’ (page 
553) may spread to the loose connective tissue between the mylo-hyoid muscle 
and mucous membrane of the floor of the mouth. That membrane is reflected 
from the under surface of the tongue to the alveoli and is divided anteriorly by 
the frenum linguz. On either side of this may be seen the ridges indicating the 
situation of the sublingual glands, and close to the frenum at the inner end of the 
ridge the papillz at the opening of Wharton's ducts, into which a fine probe may 
be + leet (Fig. 1352). The inelastic character of the walls of the latter should be 

embered as explaining in part the intense pain caused by an impacted submax- 
illary calculus. This is also in part due to the close relation of the duct to the 
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a ill a gel Hrarhelhraao —about 2 cm, 
back of the lower part of the soft palate is less than that distance from the 
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pharyngeal wall. The greatest depth in this direction (3-4 em.) is at the 
om from the anterior pillar to the posterior wall. Behind the cricoid cartilage the 
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THE MUSCLES OF THE PHARYNX,. 


The arrangement of the muscular tissue differs from the ordinary one of the 
digestive tract, inasmuch as the outer layer is approximately circular and the longi- 
tudinal fibres are largely internal. The chief elements are the three constrictors, 


which overlap one another from below upward, the sty/o-pharyngeus, the : 
pharyngeus, inal ceria neteanoicy aml tether ieregtdiar eH es oe gl 


Longitudinal muscle of crsophagus 





Mascles of pharynx from behind ; portion of inferior constrictor has been removed, 


The superior constrictor (Figs. 1339, 1360) arises from the lower part of the 
internal pterygoid plate, from the hamular process, the pterygo-mandibular ligament 
which is stretched from it to the lingula of the lower jaw, from the neighboring end 
of the mylo-hyoid ridge, and from the side of the tongue. From this origin the fibres 
pass backward to meet their fellows in a median raphe, which extends almost the 
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The deafness often associated with hypertrophied tonsils is the result of adenoid 
growth in and about the Eustachian tube. The intervention of the soft palate pre- 
vents direct pressure by the enlarged tonsil upon that canal. Reflex spasmodic 
cough may follow irritation of the glosso-pharyngeal filaments by inspissated secre- 
tion within the follicles ; fetid breath often results from the decomposition of such 
secretion ; epithelial necrosis and denudation render such tonsils a common seat of 
entrance of various infections, as the tuberculous—emphasized by the frequency 
with which the cervical glands just mentioned are the first to enlarge in tuberculous 
adenitis of the neck—or those streptococcic or staphylococcic varieties in which 
acute arthritis (including many cases of so-called ‘‘ inflammatory rheumatism’’ ) or 
endocarditis may follow a trifling ‘‘sore throat.’’ 


THE CESOPHAGUS. 


The cesophagus or gullet is a musculo-membranous tube, about 25 cm. (10 in.) 
an length, connecting the pharynx and the stomach. It begins at the lower border of 
the cricoid cartilage near the disk between the sixth and seventh cervical vertebre, 
zabout 15 cm. from the incisor teeth, and ends below the diaphragm, opposite the tenth 
sometimes the eleventh) thoracic vertebra. The entrance into the stomach is marked 
bby a groove on the left of the gullet, best seen when the organs are inflated. There 
3s no line of separation on the right when the parts are unopened. The form and 
«alibre of the cesophagus are very variable and uncertain. Longitudinal folds are 
Sometimes found, especially in the upper part, which give the cavity a star-shaped 
=appearance on transverse section. Often the front wall lies in contact with the back 
one ; at the lower part, however, there may be a permanent cavity. Constrictions 
have been described very variously. Probably the most marked occurs at the very 
Weginning, with a diameter of perhaps only 14 mm. There is usually one at the 
Wassage through the diaphragm, often one at the point where the arch of the aorta 
«<rosses the gullet, and another where the latter goes behind the origin of the left 
Wronchus. Mehnert' has described thirteen places, at any one of which there may be 
= constriction. They correspond to the points of entrance of the arteries, and, accord- 
ang to him, have a metameric significance. Occasionally the cesophagus is much 
<dilated, the diameter exceeding 3 cm. It is probably constricted in life. After 
passing through the diaphragm it presents a funnel-like expansion. 

Course and Relations.—Throughout its course the gullet is surrounded by 
mnuch areolar tissue and frequently sends fibres from its muscular coat to neighbor- 
Ang parts. While following the general direction of the vertebral column, although 
mot closely, below the bifurcation of the trachea the gullet lies 1 or 2 cm. in front 
of the spine. Directly after its beginning it inclines to the left, so that soon it pro- 
jjects by one-half beyond the left border of the trachea. We have seen, ina child, 
the two tubes lie side by side. Just above the bifurcation of the trachea the cesophagus 
mneets the arch of the aorta, which, so to speak, pushes it to the right ; it lies, how- 
ever, always behind the beginning of the left bronchus, while to a less degree, or even 
mot at all, it is in relation to the right one. Owing to the influence of the aorta, the 

let passes farther to the right; but, leaving the spine, it lies behind the pericardium 
an a plane somewhat anterior to that of the aorta, and near the diaphragm sweeps in 
front of the aorta to the left of the median line, passes into the abdomen near the 
Rower border of the tenth thoracic vertebra, and, running very obliquely, presently 
ends in the stomach. Hardly more than 1 cm., which lies behind the left lobe of the 
liver and in front of the left pillar of the diaphragm, can be said to be subdiaphrag- 
mnatic, when examined from without. The line of separation between the cesophagus 
zand the stomach, however, is very clear on the inner surface, owing to the sudden . 
change in the nature of the epithelial lining. There is often a fold on the left of the 
end of the gullet, usually at the upper and back part, from 2-5 mm. broad,’ which, 
perhaps, acts as a valve ayainst regurgitation. The subdiaphragmatic part is about 
3 cm. long. Sometimes the longitudinal folds of the gullet seem to project into the 
Stomach, but usually it ends in a gradual expansion. 


! Verhandlung. der Anat. Gesellschaft, 1898. 
? Berry and Crawford : Journal of Anatomy and Physiology, vol. xxxiv., 1900. 
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At first the cesophagus lies behind the trachea on the prevertebral fascia, car ke 
lobes of the thyroid gland touching it on either side. As it descends to the left, te «.h 
trachea is partly on the right. The left recurrent laryngeal nerve runs on the frora <»—3on! 
The right one is in relation with only the very beginning of the gullet. The rigscy #—arig! 
inferior thyroid artery is against it. On the right also a chain of lymphatics int! 3 «ntl 
areolar tissue lies very close to it. The left carotid and subclavian arteries are ve=>-# ve 


near it, if not in actual contact. As may be inferred, the gullet and the aorta ass ay 
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spirally entwined. ” The thoracic duct and the vena azygos major are in contact with 
it from the diaphragm to above the roots of the lungs, the former lying between it 
and the aorta as far as the level of the aortic arch, the latter, at first more posterior 
than the duct, passing as it rises behind the cesophagus and finally arching forward 
close to its right side. The left vena azygos, such left intercostal veins as open into 
the azygos major, and the right intercostal arteries pass behind the gullet. The pneu- 
moyastrics reach it in the thorax ; the right after crossing the subclavian artery and 
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the left after crossing the aorta. The nerves then break up into plexuses, from which 
they emerge near the diaphragm, the left in front, the right behind the food-tube. 
On entering the thorax, the cesophagus is in contact with the left pleura, and con- 
tinues to be until separated from it by the aorta. Behind the pericardium it is in 
contact with the right pleura, and just before passing through the diaphragm it is in 
contact with both. 

Muscular fibres bind the cesophagus to various neighboring structures. A toler- 
ably constant band attaches it to the left bronchus, and others may go obliquely to 
the right bronchus. Several irregular bands, mostly muscular, pass from it to various 
parts of the pleurz and pericardium. 

Structure.—The wall of the cesophagus (3.5-4 mm. thick) consists of four 
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and rs, which, from within outward, are the mucous, the submucous, the muscular, 


the fibrous coats. 

The mucous coat, usually thrown into longitudinal folds, is composed of a tunica 

St, ria formed of fibrous connective tissue and delicate elastica and covered with 

pro tified squamous epithelium... Beneath the latter the surface of the stroma-layer 

thencnts longitudinal ridges and papilla, between which pass the ducts of the glands in 
‘<1r course to the free surface. The deeper part of this layer is occupied by a mus- 

“Ularis mucosa, the involuntary muscle of which begins at the cricoid cartilage, first 
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s=xonsidered with the depending as it does partly on the direction of that 
f ‘arly on the relation ofthe ciapragi to it and on the folda-of meeous 
ine at its orifice. Frozen sections.(Fig. 1372), horizontal and frontal 

off’), show that the termination is almost horizontal. Dissections of the dia- 

m from above demonstrate that the arrangement of the muscular fibres is that 
<a sphincter, although a weak one. De povecion ct the folds into the stomach is a 
further It has been shown the cardia will resist moderate pressure 
from belc Beene ss will vice to considerable force. The action of the longi- 
tudinal fibres both the cricoid cartilage and the diaphragm is to dilate the tube. 


PRACTICAL CONSIDERATIONS: THE CESOPHAGUS. 


fos. bead malformations are rare, as yet unexplained embryologically, and usu- 
ally _ The cesophagus may be double, deficient, or absent. Most commonly 
there are an upper cul-de-sac and a lower segment opening into the stomach, some- 
times communicating with the respiratory passage. Cases in which there has been 
(no a) Snead fistula are possibly associated with this malformation 
“i , Osler), Congenital diverticula are found, and Francis suggests three 
ries for their occurrence : first, that they might be analogous to the diverticula 
were found in some of the Sauropsida in ruminant animals, forming the 
first two compartments of the stomach ; secondly, that they were foetal varieties 
analogous to the hageal diverticulum from which the larynx, trachea, and lungs 
are formed ; and thirdly, that they resulted from a failure in the internal closure of 
a branchial cleft (Maylard). 

The curves, distensibility, and constrictions of the normal cesophagus and its 
relations to surrounding structures are of importance with reference to foreign 
bodies, to stricture, to disease of the gullet with possible extension to neighboring 
organs, or to extrinsic disease involving the cesophagus either by mechanical pressure 
or traction or by extension to its walls. 

Foreign bodies, it moderately smooth or regular in shape, are apt to be arrested 
at one of the three relatively constricted portions,—7.e. (1), and most commonly, 
at the commencement, 15 cm. (6 in.) from the incisor teeth, which (with the head 
midway between flexion and extension) is o ite the lower edge of the cricoid 
cartilage and the sixth cervical vertebra. At this point its average diameter is 14 
mm. (approximately 14 in.) ; foreign bodies arrested here are really in the lower 
pharynx. (2) At the point, about ro cm, (4 in.) lower, where the left bronchus 
crosses the ae and where the lumen is again lessened by pressure (the dis- 
tance occupied by the left bronchus in crossing the cesophagus is about 2.5 cm. ). 
(3) At the diaphragmatic opening, where the diameter is once more reduced to 
14 mm. by the constriction of the muscular and tendinous fibres surrounding the 
opening. This point is about 12.5 cm. (5 in.) below the level of the left bronchus, 
and therefore, approximately, 38 cm. (15 in.) from the incisor teeth, The majority 
of foreign bodies that pass completely from the pharynx and are arrested in the 
@sophagus are stopped at or about the level of the left bronchus. Many of them 
ean be extracted through the mouth by suitable instruments ; others require an 
Sree ony. which may be done through an ‘incision along the anterior border 
of left sterno-mastoid muscle from the cricoid cartilage to the sternum. The 
longitudinal fibres of the cesophagus will be recognized a little to the left of the 
trachea, at the bottom of the space between thé sterno-thyroid muscle and the 
common carotid artery. An cesophageal bougie passed through the mouth will aid 
in the recognition of the tube. 


1 Arch, fiir Anat. und Phys,, Anat. Abtheil,, 1885. 
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The recurrent laryngeal nerve lying in the groove between the trachea and 
cesophagus should be avoided, as should the superior and inferior thyroid arte——Saenies 
which run across the deeper part of the wound. 

With the additional help of a gastrotomy, digital exploration (with perhaps = <= vhe 
disengagement of impacted foreign bodies ) is possible throughout at least the low «~>wer 
two-thirds of the gullet. If the impaction is near the cardiac end, gastrotomy alc» EK Jone 
may suffice. 

Mediastinal or posterior cesophagotomy has been done on both the left a= _ and 
right sides by resection of three or four ribs (third to eighth), pushing the parie_s» ictal 
pleura to one side. The pleura on the left side is more easily displaced than that = on 
the right, which extends across the median line as far as to the right of the thora s==acic 
aorta. 

Strictures from escharotics or from trauma of foreign bodies may occur at a. Sany 
point, but are, for obvious reasons, most often found at the upper end. Compressiat ion 
of the cesophagus, giving rise to the clinical phenomena of stricture, may be se —5¢c- 
ondary to enlargement of the thyroid body or of ‘the bronchial lymph-glands, to 
tumors of the mediastinum, to disease of the lower cervical or upper dorsal ver) ——te- 
bra, or to aortic aneurism. The measurement from the incisor teeth to the seat == of 
the narrowing, and comparison with the esophageal relations at that point, may be 
of great service in diagnosis. a 

Carcinoma is the chief disease by which the gullet is attacked. It is fous 203 
most often at either the upper or lower end of the tube in accordance with its prec it 
lection for sites where epithelium changes in character, as at the various muc—e 


- He 
cutaneous outlets of the body. It is also not infrequent at the region where iE a 
left bronchus crosses. It may extend by continuity to the pharynx or stomach y 


to any of the structures with which the asophagus is in close contact, or it m== 
spread to the bronchial or mediastinal lymph-glands. 

Extrinsic disease may not only (as in the case of tumors or of aneurism) affee ~==_ 
the cesophagus by causing compression of its walls (zde supra), but may open it == 
pressure-necrosis or ulceration, or may involve it in the extension of the disease, == 
in cases of tracheal, bronchial, or pulmonary suppuration or gangrene, or of vertes> 
bral caries. 

Disease extending from the left lung or pleura to the oesophagus, or in th 
reverse direction, is more apt to affect the upper portion of the gullet on account 
its closer relation to the pleural sac on the left side. Below it is in more intima. 
relation to the right pleura. 2 

Diverticula of the wsophagus, when acquired, may be due to (a) pee 
from within, as in the region just above a stricture, or oftener on the posterior vale * ea 
at the pharyngo-asophageal junction. At this point the inferior constrictor and ther 
circular fibres of the cesophagus—both horizontal in direction— fuse ; it is a point a 
marked constriction ; the cricoid cartilage in front is movable and non-resistant 2” &— ai 
In whatever situation found they are apt to be in effect a hernia of the mucous anc =z 
submucous tissues through the thinned and weakened muscular fibres of the opt 
agus or of the inferior constrictor ; or they may be due to (4) évaction from without_ 
as in cases of bronchial lymphadenitis, in which adhesions and subsequent cicatricial a= 
contraction have dragged the wall out into a pouch. It is apparent that the anterioms= <_— 
wall in the neighborhood of the bifurcation of the trachea and of the left bronchus= *—~ 
is most likely to be thus affected. 

The recorded cases in which hemorrhi age into the @sophagus has taken place = 
from the ascending portion of the aorta, the innominate artery, and the superior venas== — 
cava will readily be understood. The relation of the cesophagus just below the 
aortic arch to the pericardium and left auricle explains the dysphagia sometimes = 52 
seen in pericardial dropsy or in cardiac enlargement when the patient is supine, as == 
well as the cases in which forcign bodies impacted in the esophagus have wounded 
the heart. 

In a general way it may be said that the upper or tracheal curve or segment #%. _; 
of the arsophagus is most liable to invasion by diseased conditions from without and = 
to obstruction from within, and the lower or aortic curve is relatively free from 
liability to external pressure or intrinsic occlusion ¢ Allen). 


Pe 
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sist as free folds, while others fuse with the abdominal walls. The term mesentery is 
vaguely applied to that portion going to the jejuno-ileum, while other parts are distin- 
guished by the name of the part of the intestine to which they are attached, as meso- 
colon. The term omenfum is applied to folds attached to the stomach, as the 
hepatic omentum. The peritoneal sac is entirely closed, except in the female at the 
upper end of the oviduct, where the mucous membrane of the tube and the serous 
lining are directly continuous. The opposed smooth walls of the peritoneal sac are 
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right, rises, and ends opposite the space between the ensiform and the end of seam be 
eighth or ninth right costal cartilage, on a level with the first lumbar vertebra or sami be 
disk below it, about 1.2 cm. (44 in.) from the median line. The pyloric orifice-——~ * 
affected to such an extent by changes incident to variations in distention that — * 
is manifestly impossible definitely to fix the position of the lower end of the stomac——— 
The pylorus is usually separated from the anterior abdominal wall by the oves= <=" 
lapping liver, when the stomach is empty lying near the mid-line. According to 
Addison, a point 12 mm. (14 inch) to the right of the median plane midway betwe —=— *° 
the top of the sternum and the pubic crest will ordinarily correspond to the positie <<" 
of the pylorus. The fundus is at the top of the left side of the abdomen under t2 ae 
diaphragm, reaching the level of the sternal end of the fifth costal cartilage. TE ae 
anterior surface, looking upward as well as forward, is covered by the left and quae —_a” 
rate lobes of the liver. A varying part of it touches the diaphragm in front of ame 
former. The extent of this must depend on the size of both organs. The liver mz= 2 
separate it entirely from that part of the diaphragm below the pericardium, or ta = 
stomach may be against the diaphragm in the anterior part of this region. A smz =<" 
triangular part of the stomach, normally in contact with the front wall of the abde= mmo 
men, bounded below by the greater curvature, is seen, on opening the abdomen —_— 
between the liver and the line of the left costal cartilages. This appearance ga, —* 
rise to the old error that the stomach is placed transversely. According to Tillaus= == 
the stomach in its most cor—= ==" 
tracted state always descends t = 
a line between the ends of thar & / 
ninth costal cartilages. The pos=<o7 = 
terior surface, forming a part co» 
the anterior wall of the lese==~ === 
peritoneal cavity, rests agains= «7 
the transverse mesocolon, whic =< — * 
lies on the organs at the back ca 
that space, so ae ae apn 
of the concavity for it which Bis #— 
mingham! has well called th «<== 
stomach-bed (Fig. 1371). Thist —— 
hollow is made by the diaphragna—™™ __ 
on the left of the aorta, by the oe 
left suprarenal capsule, the gas = 
; irth, s lati tric surface of the spleen, the 
Posterior aspect of stomach at birth, showing peritoneal relations. ‘ | . -—— 
antero-superior surface of the» — 
pancreas, and usually by the upper part of the left kidney, although exceptionallw~ 
this may be shut off from the stomach by the spleen and pancreas. The left crus * — 
of the diaphragm makes a deep indentation in the stomach to the left of the car- 
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dia. The covliac axis and the semilunar ganglia are rather to the right of the lessess= 7~ 
curvature. The transverse mesocolon continues the lower part of the stomach-bedE— 
forward to the transverse colon, which lies below the stomach, following its curves 
when the stomach is distended. The splenic flexure of the colon is close against 

it. When free from solid contents, the stomach is usually found in dissecting-room © 
subjects hanging more or less vertically in longitudinal folds containing more or less ag 
air and fluid ; but during life, as already stated, it is in a contracted and puckered 
condition, the long axis running strongly forward as well as downward. With dis- 
tention the stomach enlarges at first upward, backward, and to the left, then forward 
against the abdominal walls. The upper part enlarges chiefly backward, the lower 
forward. This does not imply a forward swing of the greater curvature such as 
has been described. The pyloric end is moved to the right, it may be as far as 
the gall-bladder. The antrum may thus, according to Birmingham, be carried to 
the right of the pylorus. The latter rarely moves more than § cm. to the right of 
the median line. Except in its last part. the lesser curvature continues essentially 
vertical, as scen from before. The transverse colon is driven downward unless it be 
so much distended as to offer effectual resistance. 
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transparent columnar cells clothing the stomach. The line of transition is zig: 
and well defined, the aesophageal surface being paler than the highly vascular 
Gastric mucosa. At the pylorus the mucous membrane is raised into a ring, chiefly 
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Xi vertebra XID rib 
Frozen section across body at level of twelfth thoracic vertebra. 


in consequence of the local thickening of the circular fibres of the muscular coat, but 
also in part on account of the increased thickness of the mucosa itself, which in this 
part of the stomach may measure over 2mm. At the cardia it is thinnest,—.5 mm. 
or less, —while in the intermediate region it is about 1 mm. The increased thick- 
ness at the pyloric end is due to the considerable depth of the depressions, or 
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Surtace view of mucous membrane from pyloric end Surface view of gastric mucous membrane, show: 
i of stomach, Natural size, ing reticular appearance due to orifices of groups of 
gastric glands. & 30. 


gastric crypts, into which open the gastric glands. Beyond the summit of the 


pyloric ring the mucous membrane assumes the characteristics of the intestine. 
addition to the larger ruge, the gastric surface exhibits a mammillated condition 
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consisting of small polygonal areas pitted by the crypts which receive the orifices of 
the glands. 

The gastric glands,constitute two principal groups, the fundus and the pyloric 
glands ; the former occupy the major part of the stomach, including the fundus, the 
anterior and posterior walls, and the curvatures ; the latter occur in the pyloric fifth 
of the organ. An additional fundus variety—the cardiac g/ands—-is represented by 
a narrow zonular group in the immediate vicinity of the esophageal opening. 

The fundus or peptic glands—the gastric glands proper—consist of numerous 
closely set tubules, usually somewhat wavy and from .4-2 mm. long, which extend 
the entire thickness of the mucosa and abut against the muscularis mucosz. Each 
gastric crypt, corresponding to the excretory duct, usually receives a group of sev- 
eral of the smaller tubules, which include the éody and fundus of the gland, the 
constricted commencement of the tubule constituting the zeck. At the latter position 
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Transverse section of stomach (left end), showing general arrangement of coats. ¥ 20. 


the columnar epithelium prolonged into the crypts from the free surface becomes 
lower and modified into the secreting elements. 

The cells lining the gastric tubules are of two kinds, the chief and the parietal. 

The chief, central or adelomorphous cells correspond to ordinary glandular epi- 
thelium, being low columnar or pyramidal, and surrounding a circular lumen from 
002 to .007 mm. in diameter. During certain stages of digestion they contain 
numerous granules, which are probably concerned in producing pepsin. 

The parietal cells, known also as acid, oxyntic, or delomorphous, although rela- 
tively few, are conspicuous elements which occupy the periphery of the gland-tubes. 
Their position is indicated by protrusions of the profile of the gastric tubules caused 
by the cells lying immediately beneath the basement membrane. The parietal cells, 
although arranged with little regularity, are most numerous in the vicinity of the 
neck, where they may equal or even outnumber the central cells ; in the body of the 
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the vicinity of the pylorus, and sometimes also at the cardia, a number of small 
mn a4 so-called Jenticular glands—normally occupy the deeper 
= of the mucosa; occasionally they are of sufficient size to almost reach the 
The muscularis mucose, as in other parts of the intestinal tube, consists of a 
well-marked collection of involuntary muscle, deeply situated next the submucous 
coat. Two layers are usually distinguishable, an inner circular and an outer longi- 
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== _.. % Serous coat 
Transverse section of stomach, pyloric end; raga is cut across, showing mucosa supported by core of submucous 
tissue. A 20. 


tudinal, Towards the mucosa numerous bundles of muscle-cells extend between the 
glands and in places penetrate almost as far as the epithelium. 

The submucous coat consists of lax connective tissue, allowing the mucous 
membrane to move freely on the muscular layer. It contains blood-vessels of con- 
siderable size, a mesh-work of lymphatics, and the nerve-plexus of Meissner. 

The muscular coat comprises three layers,—an outer longitudinal, a middle 
circular, and an imperfect inner oblique,—of which the middle one is the most 
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and diverge to either side, showing a well-marked border near the lesser 
: Their posterior expansion is the stronger. The diverging fibres are lost 
2 lorus, while in the vicinity of the fundus they mingle with the circular 
es orm the whorl, The latter, according to Birmingham, is formed by this 


The serous coat corresponds in structure with other portions of the perito- 
=> eum, con isting of the endothelium of the free surface, beneath which ee the 
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wature below ca) behind it 
<on the fundus. The arch 
=along the lesser curvature is 
by the coronary ar- 

tery, which sends an cesopha- 
branch oo to meet 


the lowest of the cesophageal 
=irteries, and joins the py- 
Boric branch of the hepatic 
=artery below. The arteries 
of the greater omentum are 
the right and left gastro-epi- 
— reinforced behind the 
us by the vasa brevia 
of the splenic artery. The 
neta p loicadextra passes 
on the right of the first 
part of the duodenum close 
to the pylorus; branches 
arising on the front at that 
region may nearly or quite 
make an arterial ring around 
the organ. The coronary 
artery supplies the longer 
branches to the walls, there 
being a richer arterial distri- ‘ 
bution on the back than on 33 
-the front and at the cardiac 
than at the pyloric end. The 
general plan is as follows : on : = hee 
the anterior surface several — = : mucosre 
arteries, of which some four , ; text 
are large ones, run from the Obiavesttn of mucus mentran from price of tomac, sow: 
lesser curvature across the 
stomach, sending out successive lateral branches to inosculate with those from their 
fellows ; finally, the main vessel breaks up into branches that meet those from the 
ter curvature. On the posterior surface the chief trunks divide with less regu- 
ity. At first the arteries are just beneath the peritoneum, between the folds of 
which they gain the stomach ; presently they enter and pierce the muscular coat, the 
outer parts of which are supplied during their passage. On reaching the submucous 
coat the arteries, now reduced, but still of considerable size, divide into smaller 
branches, some of which pass to the muscular tunic, while the majority enter the 
mucous coat. The latter soon break up into capillaries which surround the gland- 
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tubules with a close mesh-work. Somewhat larger capillaries constitute a supertic 
plexus beneath the epithelium encircling the orifices of the gastric crypts. 


aan 
2 tes 


veins, relatively wide, begin in the subepithelial capillary net-work and traverse t# * 


gland-layer, between which and 
the muscularis mucosce they form 
a plexus; from the latter radicles 
pass into the submucous coat, in 
which the venous trunks run paral- 
lel with the arteries, but lie nearer 
the mucosa (Mall). The emerging 
tributaries are often provided with 
valves at their junction with the 
larger yastric veins. 

The lymphatics originate 
within the mucous membrane, be- 
neath the epithelium, as wide, ir- 
regular capillary channels) which 
freely communicate with one an- 
other and pass between the glands 
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Stomach tumed inside out, showing dissection of oblique = —arnd 
circular muscular coats. 


as far as the muscularis mucosa ; at this level they form a plexus from which vess «1s 
descend into the areolar coat to join the wide-meshed submucous plexus. Large er 
lymphatics pierce the muscular tunic and unite to form the chief channels wh m <>h 
escape from the walls of the stomach along both curvatures to empty into the lymg > b- 


nodes which occur in these situations. 


The nerves supplying the stomach are from the pneumogastric and wr Ihe 
sympathetic, and contain both medullated and nonmedullated fibres, the lac. fr 


Mucos. ||P 


Submucos, 


Musvuiin 


Sore 


Dratevetse sectian ot ince: ted stomach. 





predominating. <_< )n 
reaching the organ, am he 
stems pierce the ext. <T- 
nal longitudinal musa U- 
lar layer, between wh 8 

and the circular lass €T 
they form the plerus 2 

Auerbach. The poi sats 
of juncture in thisn = <7& 
work are marked by “#42 
croscopic sympathe— F IC 
ganglia, from) while oh 
non-medullated — fibms=7 & 
supply the involuntasss= 2 


muscle, Leaving t Fre 

; = 

intramuscular plexi. = 32° 
alee. -ty 





twigs pass oblique 
uel the ir aes 
muscular tunic, and —_— 
gaining the submuce 

coat form a second ne yf 
work, the plevus — PS 
Meissner, | Numerous as 

_— 

non-medullated — fibres= at 
leave the latter to entus™ in 
the mucous coat, im. —gi- 


which some endindel & ,- 
cate plexuses supply |: 
ing the gastric gland” 7 as 

c 


(Kytmanow ), as well as® 
in special endings in the muscularis mucosa: (Berkley). Large medullated fibres, th = 
dendrits of sensory neurones, are alse present within the mucosa, where they forme I 
a subepithelial plexus atter losing their medullary substance. The ultimate termi 
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nations of the nerve-fibres within the mucosa, especially their relations with the 
gland-cells, are still uncertain. 

Growth.—at birth the capacity of the stomach is 25 cc. The organ, although 
sometimes rather tubular, does not differ very much in shape from that of the adult. 
The cesophagus enters it less obliquely than later, so that regurgitation occurs more 
readily. The sphincter of the pylorus is already developed. We do not remem- 
ber ever to have scen at birth a well-marked antrum pylori. An important pecu- 
liarity of the growth of the stomach is the unequal development of the two sides at 
the fundus. At an early period the top of the original left side, which becomes the 
anterior one, grows 
upward, so that the Fic. 1382. 
line of attachment of 
the greater omentum 
is along the posterior 
surface. This unequal 
growth is quite analo- 
gous to that of the 
cecum. According to 
Keith and Jones, this 
asymmetry is most 
marked in the third 
and fourth months of 
foetal life. We have 
examined no younger 
foetuses than these, 
and cannot state how 
early the PEOCCSS, be- Surface view of fragment of muscular coat of stomach, showing groups of gan- 
gins.' From the end glion-cells and nerve-fibres of plexus of Auerbach. = 70. 
of the first week aiter 
birth the growth of the stomach is very rapid during the first three months. — It is 
slow in the fourth month, and in the two months following it is almost quiescent.” 
We have seen it at a few weeks relatively broader than in the adult. While it is 
probable that individual variations show themselves early, the shape and size of the 
stomach depend, beyond question, to a great extent on the nature and quantity of 
the food. With advancing vears the stomach often becomes dilated, and, apart 
from dilatation, is likely to descend lower in the abdomen, | The female stomach, 
except for its yreater tendency to subdivision, differs less than the male from the 
foetal form. 





Variations.—Apart from those of size and shape, already alluded to, the important ones 
are those of subdivision. There may be a constriction at the middle dividing the organ into 
two chambers connected by a narrow passage : the " hour-glass stomach."’ There may also be 
a reduplication of the antrum, or, indeed, there may be three, or, on the other hand, the place of 
the antrum may be taken by a tube with thick walls. It is probable that these changes are 
sometimes caused by a local contraction becoming fixed. 
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Congenital malformations are rare. Perhaps the most common is a constriction 
dividing it into two unequal compartments,‘ hour-glass constriction, "’—a condi- 
tion somewhat similar to that found normally in the kangaroo, 

The position of the stomach varies with its degree of distention. When it is 
empty the pyloric end descends and the long axis of the stomach is oblique from 
left to right, approximating the vertical (7... the fastal) positian or that which pre- 
ceded functional use. This falling of the pyloric cond is due to gravity, the nearest 
firmly fixed point of the alimentary canal below being the lower portion of the duo- 


! Priority of publication of this peculiarity of development belongs to Mr. Arthur Keith and 
to Mr. F. Wood Jones: Proceedings of the Anatomical Society of Great: Britain and Ireland, 
Journal of Anatomy and Physiology, vol. xxxvi., 1go2. 

2 Rotch’s Pediatrics. 
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pinkish, and the longitudinal band, the sacculations, and the epiploic appendages 
on its lower aspect may be seen. If any doubt exists, the under surface of the left 
lobe of the liver should be followed up by the finger to the transverse fissure and 
then down on the gastro-hepatic omentum to the lesser curvature of the stomach. 
The dependent greater omentum and the gastro-epiploic artery on the greater cur- 
vature aid in the recognition of the stomach. 

In gastrotomy—as for foreign body, for exploration, or for retrograde dilatation 
of the cesophagus—the incision may be vertical and midway between the two curva- 
tures to minimize the hemorrhage (vide supra). 

In gastrostomy—the establishment, for purposes of feeding, of a direct com- 
munication between the surface of the body and the stomach cavity—the abdominal 
incision may be oblique, parallel to the left costal cartilages, and 2.5 cm. (1 in.) 
from them, or vertical down to the left rectus, the fibres of which may be separated 
without division. In either case a part of the anterior wall of the stomach, made 
conical by traction, is brought out, carried upward beneath a ‘bridge of skin, and 
fixed to the margins of a second opening over the costal cartilages. Various mod- 
ifications are employed, all with the idea of securing a valvular or sphincteric con- 
dition in or about the orifice so as to prevent leakage of the stomach contents. 

In pyloroplasty—applicable to simple hypertrophic stenosis or cicatricial stric- 
ture—an incision is made from the stomach to the duodenum through the pylorus 
and parallel to the long axis of the tract at that point. Its borders are then 
separated as widely as possible so that their mid-points become the ends of the 
pening, the edges of which are then sutured together in this position, materially 
widening the lumen of the canal. 

In pylorectomy or gastrectomy \arge portions of the stomach, or the whole organ, 
are excised for malignant disease ; in the former the omental connections of the 
pylorus must be severed and the right gastro-epiploic, the pyloric, and the gastro- 
duodenal arteries divided ; in the latter, in addition, the pneumogastric nerves 
below the diaphragm and many more vascular trunks. 

Partial gastrectomies, as for the excision of a nodular carcinoma or of a gastric 
ulcer, are much less serious. Division of the gastro-hepatic omentum, which holds 
the stomach up under the costal margins, will facilitate the freeing of the pylorus and 
lesser curvature and permit of ready access to the lesser peritoneal cavity. The 
gastro-colic omentum attached to the region of disease can then be made tense by 
the fingers passed behind and beneath the pylorus and can be ligated and divided 
(Mayo). 

In gastro-enterostomy—as a palliative in cancerous pyloric stenosis or for the 
treatment of gastric ulcer—the intestinal canal (usually that of the jejunum, as 
the highest movable portion of the small intestine) is made directly continuous with 
the stomach cavity by the establishment of a permanent fistula between the two. The 
Posterior wall of the stomach is now usually selected because of its nearness to the 
Jejunum. It may be reached through the transverse mesocolon, the greater omentum 
with the transverse colon having been turned upward ; or the gastro-colic omentum 
mmay be torn through or divided. 

Gastroplasty (analogous to pyloroplasty) has been done in cases of hour-glass 
sstomach following cicatricial contraction after gastric ulcer. Occasionally in these 
cases the constricting band has been mistaken for a thickened, contracted pylorus. 
Adhesions sometimes connect the constrictions with neighboring parts, as with the 
wight rectus muscle (Elder) or the liver (Childe). 


THE SMALL INTESTINE. 


The stomach is followed by the Jong and complicated tube of the small intestine, 
divided into the duodenum and the Jejuno-ileum. According to Treves, the average 
length in the male is 6.8 m. (22 ft. 6 in.) and in the female nearly 15 cm. (6 in.) 
more. This excess, however, would probably not be confirmed by a larger series. 
In the male the extremes were 9.7 m. (31 ft. ro in.) and 4.7 m. (15 ft. 6 in.) in 
the female 8.9 m. (29 ft. 4 in.) and 5.7 m. (18 ft. 1o in. ). The outer wall of the 
tube is regular, without sharp folds or sacculations, beyond the duodenum. The 

103 
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circumference is greatest in the duodenum (not always at the same point), beyox—74 
which it gradually decreases, the diameter of the gut at its lower end being neam=\¥ 
_ one-third smaller-than at the beginning. Since certain structural features are co =~ 

mon to the entire small intestine, it will be convenient to consider these in this plasm=m=e, 
further details being given with the descriptions of the special parts. 


Fic. 1383. 








Liver. > a 
Dai - *—Falciiorm oo 
—Stomach 


Greater omenturn (c - 


surface) 


Coils of jejanun 


Descending co 


Abdominal organs of formalin subject. Stomach was unusually large, giving an exaggerated impression of ins* 
tranaverse position. 


Structure.—The small intestine, as other parts of the alimentary tube below” 
the diaphragm, consists of four coats, the mucous, the sudmucous, the muscular, 
the serous. 

The mucous coat, in addition to the glandular structures, possesses folds and 
villi that not only greatly increase its surface, but also contribute peculiarities which 
aid in differentiating between typical portions taken from various regions. The 
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epithelium covering the free surface consists of a single layer of cylindrical cells which 
exhibit a striated cuticular border next the intestinal lumen. This border lacks 
stability, and is resolvable into minute prismatic rods, placed vertically and probably 
continuous with the spongioplastic threads within the body of the cell. In many 
places, especially over the villi, mucus-producing goblet-cells share the free surface 
with the ordinary epithelial elements. Between the latter migratory leucocytes are 
always to be seen. The stroma or tunica propria of the mucous coat resembles 
lymphoid tissue, being composed of a connective-tissue reticulum containing numerous 
small round cells similar to lymphocytes. This stroma fills the spaces between the 
glands and forms the core of the vill: over which the epithelium stretches. The deep- 
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“Wewansverse section of small intestine (lower part of duodenum), showing general arrangement of coats. X 90. 


wine part of the mucous coat is occupied by a well-marked muscularis mucosa, in 
ch an inner circular and an outer longitudinal layer are distinguishable. 

ai. The villi are minute projections of the mucous surface, barely visible to the un- 
in ‘d eye, the presence of which imparts the characteristic velvety appearance to the 
*\er surface of the small intestine. Although found throughout the latter, from the 
Py Tons to the ileo-colic valve, they are most numerous (from 20-40 to the sq. mm. ) 
a the duodenum and jejunum and less frequent (from 15-30 to the sq. mm.) in the 
tha” In the duodenum they appear immediately beyond the pylorus, but reach 
‘Sir best development in the second part, where they measure from .2-.5 mm. in 
th ght and from -3-1 mm, in breadth ; they are, therefore, here low and broad. In 
ac. jejunum the villi are conical and somewhat laterally compressed, while in the 
Sum their shape is cylindrical, filiform, or wedge-like, their length and breadth 
being from .5-1 mm. and from .2-.4 mm. respectively. The villi are projections of 
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the mucous coat alone, and consist of a framework of the lymphoid stroma-tissue. 
covered by columnar epithelium, which supports the absorbent vessel and the blood. 
vessels, together with involuntary muscle. The reticular tissue constituting the villus 
is condensed at the periphery, the existence of a definite limiting membrane being 
assumed by some (J. Schaffer, Spalteholz, Ebner). Each villus is supplied by fron 
one to three small arteries, derived from the vessels of the submucosa, which break 
up into a capillary net-work lying beneath the peripheral layer of the stroma. The 
blood is returned usually by a single vein which, beginning at the summit by the 
confluence of capillaries, traverses the central parts of the villus and becomes trib- 
utary to the larger venous stems within the submucous coat. 

The absorbent, chyle-vessel, or lacteal, as the lymph-vessel occupying the villus 
is variously termed, lies near the centre of the projection, surrounded by the mus- 
cular tissue and the blood-capillaries. While the slender cylindrical villi contain 
only a single lymphatic, from .025-.035 mm. in diameter, those of broader form often 
contain two, three, or even more such vessels, which may communicate by cross- 
channels. Their walls consist of a single layer of endothelial plates. The muscular 
tissue within the villus, prolonged from the muscularis mucose, forms a delicate 
layer of slender fibre-cells, longitudinally disposed, which surround the central chyle- 

vessel. Contractions of this tissue 






Fic 1385. shorten the villus and aid in propel 
~~ ling the emulsified contents of the 
lymphatic. 


The presence of numerous o% 
droplets of considerable size with? 
the epithelial cells, as well as stron— 
of the villi during certain stages 
digestion has caused much specu ~ 
tion as to their mode of entrance 
On histological grounds there 
ggood reason for assuming that a lar— 
part of the fat particles seen witk— 
the tissues gains access in a conditie# 
either of solubility, saponification 
or exceedingly fine molecular su 
division, the accumulations observe: 
within the tissues being due to se- 
. ondary change (Ebner). 

Surface view of mucous membrane of jejiinum, showing villi The valvule connivente 
and orifices of glands. “+ 35. (plice circulares), within the duc 

denum and jejunum, additional}. 

model the mucous coat and greatly increase its secreting and absorbent surface 
they also retard the passage of the intestinal contents, thereby facilitating th 
digestive processes. These transverse folds begin in the second part of the dua 
denum and consist of duplicatures which involve not only the entire thickness 
the mucosa, but contain a central supporting projection of the submucous coat 
hence, while they may fall on their sides, they cannot, as a rule, be effaced by dis 
tention. The height of the folds, where well developed, rarely much exceeds 1 em. 
and towards the lower part of the jejunum is much less. The majority of the valve 
do not extend more than two-thirds or three-fourths of the circumference of th 
gut; exceptionally, however, circular and spiral ones describe two or three com 
plete turns. Their ends, usually simple, may be bifurcated. Smaller folds, more o 
less effaceable, run obliquely as offshoots from the larger ones. The valves are mucl 
larger on the attached side of the gut than on the free one ; in the latter positia: 
they may be entirely absent in localities in which the folds are feebly developed 
Succeeding the first part of the duodenum, the valvulie conniventes are very numer 
ous and large, and so near together that in falling over any fold would come in con 
tact with the next one. Descending the small intestine, they gradually becom 
smaller and farther apart, so that the distance between them considerably exceed 
their height. They also become more effaceable, and finally very much so. hh 
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this respect much variation exists, which partially accounts for the differences found 
at the lower part of the small intestine, where often the valves are absent, while at 
other times they are well marked. Sernoff' found in subjects treated with chromic 
acid injections that the valves were as frequent in one part of the small intestine 
as another, but less regularly transverse in the lower. He observed places without 
valves, usually at the convexity of folds, in all parts of the gut, and regards them as 
largely dependent upon the condition of the muscular coat. It is certain, however, 
that the valves of the upper part of the intestine are independent of this influence ; 
those in the lower portion, perhaps, may be produced in such manner. 
Glands.—The structures within the alimentary tube to which the term ‘‘ glands’’ 
has been applied include two entirely different groups, the ‘rue and the fa/se glands. 
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Transverse section of small intestine (jejunum), showing villi cut lengthwise. X I§o. 





ahs former are really secreting organs, —the glands of Licberkiihn and of Brunner ; 
> latter are more or less extensive accumulations of adenoid tissue, and are appro- 
Priiately spoken of as lymphatic nodules or follicles. 
oni The glands of Lieberkiihn are simple tubular depressions which are found not 
el, y throughout the entire small intestine, but in the large as well. They are very 
‘ely set, narrow, and extend the thickness of the mucous coat as far as its mus- 
ts layer. In length they vary from .3-.4 mm. and in diameter from .060-.080 mm. 
“he fundus of the glands 1s slightly expanded and in exceptional cases divided. The 


lining of the crypts rests upon a delicate basement membrane, and consists of a single 
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Lv hecame the lining of the vlands. Under low magnification the sur- 
‘ rr intestine presents numerous pits, the oritices of the glands, which 
= fill the spaces between the bases of the villi; with the exception o: 
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Longitudinal Seetian afd re showing: te Lition of these folds tevin 6 ys 
the areas immediately over the Ivmph nodules, where they are partially pushed aside, 
these gl: inds are present in all parts of the intestine, They. however, take ne part in 
absorption, never containing fatty particles during periods in which such) substances 
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are seen within the epithelium of the villi. It is worthy of note that even in the adult 
mitotic figures are frequently observed within the cells lining Lieberkiihn’s glands, 
although such evidences of cell-division are rare among the elements covering the 
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Duct of Brunner's glands. 
Villus Gland of Lieberkiha 





Longitudinal section of duodenum, showing Brunner’s and Lieberkihn’s glands, villi, and lymph-node. X 100. 


villi. Bizzozero therefore regards the lining of these glands as an active source for 
the regeneration of the intestinal epithelium by the production of new cells. As on 
the villi, so also in these glands goblet-cells lie among the usual epithelial elements ; 
likewise migratory leucocytes are present between the gland-cells. 


Fic. 1391. 


Pyloric glands 








Stomach ° Duodenum 


Longitudinal section through junction of stomach and duodenum, showing transition of pyloric into duodenal glands; 
also thickening of circular muscle to form sphincter pylori. + 23. 


The glands of Brunner, also often appropriately termed the duodenal glands, 
are limited to the first division of the small intestine. Beginning at the pylorus, 
where they are most numerous and extensive, they gradually decrease in number and 





1640 HUMAN ANATOMY. 


size, being sparingly present beyond the opening of the bile-duct and entirely want- 
ing at the lower end of the duodenum. These glands are direct continuations of 
the pyloric glands of the stomach, with which they agree in all essential details. 
While, however, their gastric representatives are confined to the mucous coat, 


Fic. 1392. 


Solitary = 
nodule 


ym phy 
nodules 





Surface views of mucous membrane from upper (.1) and lower (#) part of ileum, showing folds and so:itary lympb- —<« 
nodules, The velvety appearance is due to the villi. Natural size. 


Brunner’s glands chiefly occupy the submucosa, the migration taking place at the —=» 
pyloric ring (Fig. 1392). The duodenum, therefore, possesses a double layer of trie =>: 
glands,—those of Lieberkiihn within the mucous coat, beneath which, in the submu- — .- 
cosa, lie those of Brunner. The individual glands, tubo-alveolar in type, form some- —— 
what flattened spherical or polygonal masses, measuring from .5-1 mm., which con- — 
sist of richly branched tubules, ending in dilatations. Their excretory ducts pierce=== 
the mucous coat and open cither directly on the free surface or into the crypts off — 
Lieberkithn. While narrower than the flask-shaped alveoli, the epithelium of the== 
ducts is the same as that found in 
the deeper parts of the tubules. Fic. 1393. 
The clear, low columnar cells lining 
the duodenal glands are proba- 
bly identical in nature with those 
of the pyloric glands, the varia- 
tions in size and granularity some- 
times observed depending upon 
differences in functional condition. 
Brunner's glands correspond to Solitary— 
the pure mucous type ( Bensley). sacs 
Lymph - Nodules. — The 
lymphatic tissue within the intesti- 
nal tube occurs in the form of cir- Lieperbulns 
cumscribed nodules, which may gland 
remain isolated, as the solitary nod- 
ules, or be collected into consider- 
able masses, as Pever's patches. tow 
The solitary nodules vary Surface view of mucous membrane of ileum. > 3 
greatly in number and size, some- 
times being present in profusion in all parts of the small intestine, at other times 
almost wanting : they are usually scanty in the upper and more numerous in the 
middle and lower parts. They appear as small whitish clevations, spherical or pyri- 
form in shape, and from . 2-2 or even 3 mm. in diameter, at the bottom of small pits. 


Villos 
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The walls of the latter, however, are so closely applied to the nodules that the exist- 
ence of the pit is not at first evident. Villi are wanting over the prominence of the 
nodules ; likewise the glands of Lieberkiihn, the orifices of which are arranged as a 
wreath around the nodules. The 
latter are found as much on one 
side of the intestinal tube as on 
the other. 

In structure the solitary nod- 
ules correspond to similar lymph- 
nodes in other localities, con- 
sisting of a capsule of denser 
tissue enclosing the delicate ade- 
noid reticulum which supports 
the characteristic lymphocytes 
within its meshes. Within the 
larger nodules — germ-centres, 
spherical or ellipsoidal in form, 
occupy the middle of the nodules; 
the yerm-centres are, however, 
not constant, being present, as a 
rule, in young subjects, but often 
absent in old individuals. A 
gencrous blood-supply is pro- 
vided by the rich net-work of 
small vessels which surrounds the nodules ; fine capillaries penetrate into their interior, 
but usually do not reach the centre of the nodes. Definite lymph-paths have not 
been demonstrated within the nodules, although a plexus of lymphatics surrounds 
their exterior (Teichmann). 

Peyer's patches (noduli lymphatici aggregati) are collections of solitary 
lymph-nodules, the individual follicles being blended by intervening adenoid tissue. 
They are seen in the lower half of the small intestine, especially near the lower end 
(ileum) ; exceptionally they are found in the upper part of the jejunum in the 
vicinity of the duodenum. The patches appear as slightly raised, elongated ovals, 


Fic. 1394. 





Surface view of portion of mucous membrane of ileum, showing 
Peyer's patch and solitary lymph-nodules. Natural size. 


Fic. 1395. 
Submucous fold supporting mucosa with villi 





_— Margins of Peyer's patch 


_Solitary lymph-nodules 


Transverse section of ileum, showing Peyer's patch cut across. X 10. 


always on the side of the intestine opposite to the attachment of the mesentery. 
Their usual number is about thirty, although as few as eighteen and as many as 
eighty-one have been counted (Sappey). In length they ordinarily measure from 


| 
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circumference is in the duodenum (not always at the same point), beyé 
noise grade dhereons, the dlatueteriol tic gut ae Acoli ae nearly 
one-third smaller‘than at the beginning. Since certain structural features are com- 
mon to the entire small intestine, it will be convenient to consider these in this place, 
further details being given with the descriptions of the special parts. 





Abdominal organs of formalin subject. Stomach was unusually large, giving an exaggerated impression of its 
Iransverse position, 


Structure.—The small intestine, as other parts of the alimentary tube below 
the diaphragm, consists of four coats, the mucous, the suémucous, the muscular, and 
the serous. 

The mucous coat, in addition to the glandular structures, possesses folds and 
villi that not only greatly increase its surface, but also contribute peculiarities which 
aid in differentiating between typical portions taken from various regions, The 
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epithelium covering the free surface consists of a si of cylindrical cells w 

exhibit 2 baht Mei) next the isin fen.” Ths bo rrr er 
Smee with the: vai ic threads within the ved Fe te m 4 
places, especially over i, mucus-producing goblet share surface 
with the ordinary epithelial elements, Between the latter migratory leucocytes are 
always to be seen. The stroma or tunica propria of the mucous coat resembles 
| tissue, | composed of a connective-tissue reticulum containing numerous. 
: p d cells si to lymphocytes. This stroma fills the spaces between the 
Siac eke ierres the coce of the vill over which the epithelium stretches. The deep- 


e 











Serous coat — ——— —S ee ~ 
Transverse section of small intestine (lower part of duodenum), showing general arrangement of coats, ™ 90. 


est part of the mucous coat is occupied by a well-marked muscularis mucosa, in 
which an inner circular and an outer longitudinal layer are distinguishable. 

The villi are minute projections of the mucous surface, barely visible to the un- 
aided eye, the presence of which imparts the characteristic velvety aj ce to the 
inner surface of the small intestine. Although found throughout the latter, from the 
pylorus to the ileo-colic valve, they are most numerous (from 20-40 to the sq. mm. ) 
in the duodenum and jejunum and less frequent (from 15-30 to the sq. mm. ) in the 
ileum. In the duodenum they appear immediately beyond the pylorus, but reach 
their best development in the second part, where they measure from .2—5 mm, in 
height and from .3-1 mm, in breadth ; they are, therefore, here low and broad. In 
the jejunum the villi are conical and somewhat laterally compressed, while in the 
ileum their shape is cylindrical, filiform, or wedge-like, their length and breadth 
being from .5-1 mm, and from .2—.4 mm. respectively. The villi are projections of 
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the mucous coat alone, and consist of a framework of the lymphoid stroma-tiss> “6 2e, 
covered by columnar epithelium, which supports the absorbent vessel and the blo——1«ed- 
vessels, together with involuntary muscle. The reticular tissue constituting the vi 2 Bus 
is condensed at the periphery, the existence of a definite limiting membrane b— <3 mg 
assumed by some (J. Schaffer, Spalteholz, Ebner). Each villus is supplied by f-— <2m 
one to three small arteries, derived from the vessels of the submucosa, which bras==>ak 
up into a capillary net-work lying beneath the peripheral layer of the stroma. ‘HT he 
blood is returned usually by a single vein which, beginning at the summit by the 
confluence of capillaries, traverses the central parts of the villus and becomes tas==—sb- 
utary to the larger venous stems within the submucous coat. 

The adsorbent, chyle-vessel, or lacteal, as the lymph-vessel occupying the vill 2 us 
is variously termed, lies near the centre of the projection, surrounded by the m —uas- 
cular tissue and the blood-capillaries. While the slender cylindrical villi cont =ain 
only a single lymphatic, from .025-.035 mm. in diameter, those of broader form of ten 
contain two, three, or even more such vessels, which may communicate by cre 2->55- 
channels. Their wails consist of a single layer of endothelial plates. The musci_==s Jar 
tissue within the villus, prolonged from the muscularis mucosa, forms a delic— zte 
layer of slender fibre-cells, longitudinally disposed, which surround the central chy»——"!e- 

vessel. Contractions of this tissue 








Fic 1385. shorten the villus and aid in prop 
ling the emulsified contents of samt be 
lymphatic. Z 
The presence of numerous ie 
droplets of considerable size wit 2 
the epithelial cells, as well as stron ae 
of the villi during certain stages Bi 
digestion has caused much specu = 
tion as to their mode of entran-— j, 
Ghee On histological grounds there wa 
vy good reason for assuming that a lar a 
Nas . . 
part of the fat particles seen with sass 
the tissues gains access in a conditic — 
either of solubility, saponification 
or exceedingly fine molecular i 
division, the accumulations observe 
within the tissues being due to 
: : ondary change (Ebner ). 
Surface view of mucous membrane of jejunum, showing villi The valvule connivente=— 
and orifices of glands. + 35. (plice circulares), within the duc 4 
denum and jejunum, additionallz_ — | 
model the mucous coat and greatly increase its secreting and absorbent surface e 
they also retard the passage of the intestinal contents, thereby facilitating th ~~ 
digestive processes. These transverse folds begin in the second part of the duos = 


denum and consist of duplicatures which involve not only the entire thickness a= 
the mucosa, but contain a central supporting projection of the submucous coat 
hence, while they may fall on their sides, they cannot, as a mule, be effaced by dis — 
tention. The height of the folds, where well developed, rarely much exceeds 1 cm. — 
and towards the lower part of the jejunum is much less. The majority of the valve== 
do not extend more than two-thirds or three-fourths of the circumference of the=7 
gut ; exceptionally, however, circular and spiral ones describe two or three com— 

lete turns. Their ends, usually simple, may be bifurcated. Smaller folds, more or 

less effaceable, run obliquely as offshoots from the larger ones. The valves are much 
larger on the attached side of the gut than on the free one ; in the latter position 

they may be entirely absent in localities in which the folds are feebly developed. 
Succeeding the first part of the duodenum, the valvula conniventes are very numer- 
ous and large, and so near together that in falling over any fold would come in con- 
tact with the next one. Descending the small intestine, they gradually become 
smaller and farther apart, so that the distance between them considerably exceeds 
their height. They also become more effaceable, and finally very much so. In 
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this respect much variation exists, which partially accounts for the differences found 
at the lower part of the small intestine, where often the valves are absent, while at 
other times they are well marked. Sernoff' found in subjects treated with chromic 
acid injections that the valves were as frequent in one part of the small intestine 
as another, but less regularly transverse in the lower. He observed places without 
valves, usually at the convexity of folds, in all parts of the gut, and regards them as 
largely dependent upon the condition of the muscular coat. It is certain, however, 
that the valves of the upper part of the intestine are independent of this influence ; 
those in the lower portion, perhaps, may be produced in such manner. 
Glands.—The structures within the alimentary tube to which the term ‘‘ glands” 
has been applied include two entirely different groups, the ¢rue and the fadse glands. 


Fic. 1386. 


Gland of Lieberkihn 





Transverse section of small intestine (jejunum), showing villi cut lengthwise. x 159. 
‘The former are really secreting organs,—the glands of Lieberkiihn and of Brunner ; 
the latter are more or less extensive accumulations of adenoid tissue, and are appro- 
Priately spoken of as lymphatic nodules or follicles. 

The glands of Lieberkiihn are simple tubular depressions which are found not 
only throughout the entire small intestine, but in the large as well. They are very 
closely set, narrow, and extend the thickness of the mucous coat as far as its mus- 
cular layer. In length they vary from .3-.4 mm. and in diameter from .o60-.080 mm. 
The fundus of the glands is slightly expanded and in exceptional cases divided. The 
lining of the crypts rests upon a delicate basement membrane, and consists of a single 
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layer of columnar cells directly continuous with those covering the villi. 
from the la being only about half so high (.018 mm, ) and in not. 
‘Seg This last gradually disappears as the | 
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Transverse section of intestinal villus, showing relation of Surface view of mucous membrane 
ee ae aeien wae setae 2 


face of the small intestine presents numerous pits, the orifices of the glands, which 
almost entirely fill the spaces between the bases of the villi; with the exception of 


Fic. 1389. 





Longitudinal section of duodenum ; valvuls Geral vended cut across, showing relation of these folds to villi, > ts, 
the areas immediately over the lymph-nodules, where they are partially pushed asi 
these glands are present in all parts of the intestine. They, however, take no part in 
absorption, never containing fatty particles during periods in which such substances 
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epithelium of the villi. It is worthy of note 1 
saplnently, atperved Within the 
dences of cell-division are rare among ee 
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Longitudinal section of duodenum, showing Brannet's and Lieberkihn's glands, villi, and lymph-node. & 100, 


villi. Bizzozero therefore regards the lining of these glands as an active source for 
the eration of the intestinal epithelium by the production of new cells. As on 

the villi, so also in these glands goblet-cells lie among the usual epithelial elements ; 
Tkevise migratory leucocytes are present between the gland-cells, 


Fic. 1391. 
Pyloric glands 





Stomach Doodenum 


Longitudinal section Mirongh 3 unction of stomach and duodenum, showing transition of pyloric into duodenal glands; 
also thickening of circular musele to form sphincter pylori, < 23, 


The glands of Brunner, also often appropriately termed the duodenal glands, 
are limited to the first division of the small intestine. Beginning at the pylorus, 
where they are most numerous and extensive, they gradually decrease in number and 
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size, being sparing id the ing of the luct and 
oan tee of lige b5 Sette 7 These gli years direct 
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owever, their gastric representatives are confined to the mucous .coat, 
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Surface views of mucous membrane f A) and lower (2) part of ileum, showing folds and sotitary Iymph- 
Ta baa ish ihe vel YY eth inetes is mine pe villi. Natural size, 


Brunner's glands chiefly Senry the submucosa, the migration taking place at the 
pyloric ring (Fig. 1392). The duodenum, therefore, possesses a double layer of true 
Pads —-thoee of Lieberkiihn within the mucous coat, beneath which, in the submu- 
cosa, lie those of Brunner. The individual glands, tubo-alveolar in type, form some- 
what flattened spherical or polygonal masses, sfonenigh, oi :5-1 mm., which con- 
sist of richly branched tubules, ending in dilatations, Their excretory ducts pierce 
the mucous coat and open either directly on the free surface or into the crypts of 
Lieberkiihn. While narrower than the flask-shaped alveoli, the epithelium of the 
ducts is the same as that found in 
the deeper parts of the tubules. Fic. 1393. 
The clear, low columnar cells lining : ee 
the duodenal glands are proba- 
bly identical in nature with those 
of the pyloric ds, the varia- 
tions in size and granularity some- 
times observed depending upon 
differences in functional condition. 
Brunner’s glands correspond to 
the pure mucous type ( Bensley). 
Lymph - Nodules, — The 
lymphatic tissue within the intesti- 
nal tube occurs in the form of cir- 
cumscribed nodules, which may 
remain isolated, as the so/itary nod- 
ules, or be collected into consider- 
able masses, as Peyer's patches. ee 
The solitary nodules yary Surface view of mucous membrane of ileum. % 3 
greatly in number and size, some- 
times being present in profusion in all parts of the small intestine, at other times 
almost wanting ; they are usually scanty in the upper and more numerous in the 
middle and lower parts. They appear as small whitish elevations, spherical or pyri- 
form in shape, and from . 2-2 or even 3 mm. in diameter, at the bottom of 
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2 walls of the latter, however, are so closely applied to the nodules that the exist- 
e of the pit is not at first evident. Villi are wanting over the prominence of the 
lules ; likewise the glands of Lieberkiihn, the orifices of which are arranged as a 
wreath around the nodules. The 

Fic. 1394. latter are found as much on one 


ey 


side of the intestinal tube as on 
the other. 

In structure the solitary nod- 
ules correspond to similar lymph- 
nodes in other localities, con- 
sisting of a capsule of denser 
tissue enclosing the delicate ade- 
noid reticulum which supports 
the characteristic lymphocytes 
within its meshes. Within the 
larger nodules yerm-centres, 
spherical or ellipsoidal in form, 
occupy the middle of the nodules; 
the germ-centres are, however, 
not constant, being present, as a 
rule, in young subjects, but often 
absent in old individuals. A 
generous blood-supply is pro- 
vided by the rich net-work of 
all vessels which surrounds the nodules ; fine capillaries penetrate into their interior, 

usually do not reach the centre of the nodes. Definite lymph-paths have not 
n demonstrated within the nodules, although a plexus of lymphatics surrounds 
ir exterior (Teichmann). 

Peyer's patches (noduli lymphatici aggregati) are collections of solitary 
iph-nodules, the individual follicles being blended by intervening adenoid tissue. 
ey are seen in the lower half of the small intestine, especially near the lower end 
um); exceptionally they are found in the upper part of the jejunum in the 
inity of the duodenum. The patches appear as slightly raised, elongated ovals, 





ace view of portion of mucous membrane of ileum, showing 
Peyer's patch and solitary lymph-nodules. Natural size. 
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Submucous fold supporting mucosa with villi 





Margi — 
= Sas fargins of Peyer's patch 


_—Solitary lymph-nodules 


Transverse section of ileum. showing Peyer's patch cut across. ¥ 10. 


ays on the side of the intestine opposite to the attachment of the mesentery. 
4ir usual number is about thirty, although as few as eighteen and as many as 
aty-one have been counted (Sappey). In length they ordinarily measure from 
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1-4 cm. and in breadth from 6-16 mm. ; exceptionally their length may reach 10 cm. 
or more. In general the size of the patches increases as the termination of the ileum 
is approached. Each patch contains usually from twenty to thirty lymph-nodules, 
although as many as sixty or less than ten may be present. The individual nodules 
are commonly somewhat pear-shaped, and when well developed occupy both the 
mucous and submucous coats, their smaller end almost reaching the epithelium and 
their base the muscular tunic. The free surface of the patches is modelled by minute 
pits, from .4-2 mm, in diameter, and low intervening ridges ; the former mark the 
positions of the component nodules, the latter that of the blending internodular 
tissue. The villi and the crypts of Licberkiihn are present over the areas between 
the pits, although less developed than beyond the patch. In their minute structure 
the lymph-nodes composing the patch closely correspond to the solitary nodules, the 
aggregated nodules be- 
Fic. 1396. ing blended into a con- 
tinuous mass by the less 
dense adenoid tissue 
which fills the spaces 
between the individual 
follicles. The entire 
patch is defined from 
the surrounding struc- 
tures by an imperfect 
capsule. 

The submucous 
coat is lax, but not 
enough so to allow the 

-3 displacement of the val- 
vula conniventes, ex- 
cept at the lower part. 
As in other segments 
of the intestinal tube, 
the submucosa contains 
blood- and lymph-ves- 
sels of considerable size 
and the nerve-plexus of 
Meissner. 

The muscular 
coat, about .4 mm. 
thick, consists of an 
outer longitudinal and 
an inner circular layer. 
The latter is some two 
or three times as thick as 
the former and is pretty 
A regularly arranged. The 
Transverse section of injected small intestine, showing gencral distribution. X 55. thin longitudinal la er, 

thickest at the free bor. 
der, is often imperfect, especially at the attachment of the mesentery. The entire 
muscular coat diminishes in thickness from above downward. 

The serous coat, with the exception of that of the duodenum, completely sur- 
rounds the gut except at the line of attachment of the mesentery, where the two layers 
of peritoneum diverge, leaving an uncovered space between them just large enough 
for the passaye of the vessels and nerves. Its structure resembles that of the serous 
coat of the stomach (page 1627), and includes the fibro-elastic stroma covered with 
the endothelium. 

The blood-vessels supplying the small intestine are distributed to the walls of 
the tube in a manner closely agreeing: with the arrangement found in the stomach 
(page 1627); the same gencral plan applies also to the large intestine. The arteries, 
which pass to the intestine between the peritoneal tolds constituting the mesentery, 
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=—=ter ing the serous coat, penetrate the muscular tunic to reach the submucosa, 
——— a branches arise which, in conjunction with those di off 


<< uring the passage through the muscular coat, supply the muscular tissue. more 
==—portant and larger arterial twigs from the vessels of the submucosa enter the 
=S51u1cous coat, in which some break up into capillaries forming net-works surrounding 
Be gland-tubules and supplying the muscular and stroma tissue ; others pass directly 
<wards the villi, which they enter and supply by capillary net-works occupying the 
i of the projections. The vens of the intestinal walls commence within the 
sm=—mucosa beneath the epithelium and, gradually enlarging as they descend, become 
=—sibutary to the larger veins within the submucosa. my ees w the arteries in 
= heir through the muscular tunic, uniting to form the larger emergent venous 
<—hannels which accompany the arterial trunks between the peritoneal folds. 

The lymphatics of the small intestine, long known as the /actea/s from their 
—<onspicuous milky appearance when filled with emulsified fat during certain stages of 
<cligestion, begin as the absorbent or chyle-vessels within the villi. In addition to 
smhese, radicles commence within the stroma-tissue of the mucosa, in which the lym- 
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Portion of small intestine arid mesentery, showing arteries, nerves, and 1 ‘tics; latter have been injected with 
. aiieketiver, > Antanior yer of mesentery] h [decal = 


phatics form a plexus in the plane of the muscularis mucosa. From the latter tribu- 
taries descend to the larger plexus within the submucosa, which is characterized by 
channels of irregular form and calibre containing numerous valyes. The emergent 
lymphatics form larger vessels within the serous coat, which pass to the lymph- 
nodes situated between the peritoneal layers ; from these smaller lymphatic masses 
efferent vessels converge to the larger mesenteric lymph-glands at the root of the 
mesentery. 
The nerves supplying the small intestine, derived from the solar plexus and 
consisting of both medullated and non-medullated fibres from the cerebro-spinal and 
etic systems, closely follow the disposition observed in the stomach (page 
1628). After piercing the other longitudinal layer they form the intramuscular p/e-xrus 
of Auerbach, consisting of both varieties of fibres and microscopic sympathetic gan- 
ja. The nerves continue obliquely through the circular muscular layer and form 
within the submucous coat the plexus of Meissner. From this plexus non-medullated 
fibres enter the mucous coat and are distributed as periglandular and subepithelial 
net-works, as well as supplying the muscular tissue, in which, according to Berkley, 
additional special end-organs exist, Within the villi a rich plexus of non-medullated 
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fibres has been demonstrated from which terminal fibrillz are distributed to the mus- 
cular tissue and vessels, as well as beneath the epithelium. 


THE DUODENUM. 


The duodenum at an early stage is a loop with a forward convexity passing from 
the pylorus back to the spine. It enlarges into nearly a circle and turns onto its 
right side, its termination remaining attached below the cceliac axis to the top of the 
second lumbar vertebra. The part immediately following the stomach remains free, 
but a little farther back it is suspended from the liver by the duodeno-hepatic ligament, 

which is the free border of the lesser 
Fic. 1398. omentum, containing the portal vein, 
Pylorus the hepatic artery, and the bile-duct 
with the connective tissue about them. 
This structure is strong enough to de- 
serve to be called a ligament. The 
duodenum is therefore nearly a ring sus- 
pended at two points, one near the 
beginning and the other (to be de- 
scribed later) at the end. In the adult 
the shape is more or less a modification 
of this imperfect ring. When relaxed 
Casts of duodenum, showing U- and V-forms. and empty it often nearly retains this 
shape. When distended by inflation 
or injection it usually shows four parts. The /rst, some 5 cm. (2 in.) long, runs 
backward from the pylorus, slightly upward and to the right. The beginning of 
this portion is movable ; later the part is fixed by the structures just mentioned. 
The other divisions of the duodenum are disposed so as to form a U. The second 
part descends along the right of the spine to the fourth lumbar vertebra. The third 
runs forward and to the left, with a slight rise. The fourth ascends on the spine to 
the upper part of the second lumbar vertebra, where, after a sharp bend,—the 
duodeno-jejunal flexure,—it becomes the jejunum. 





The next most common form is the V-shaped, of which there are two varieties. In the 
more usual one the second part descends, as in the preceding form, and the third and fourth 
are represented by one which ascends obliquely to the termination. The less frequent variety 
has the second part inclining forward and to the left as it descends, so that the V is more sym- 
metrical. A modification of the U-form, which we have called the C-shaped, is characterized by 
a very short second part, so that the first and third parts are almost in contact. From seventy 
observations ' on adults (including one girl of fourteen), mostly by means of casts, we find the 


following forms : 
Male. Female. Sex not noted. 


U-shaped . 2... CLD ise BRE Rae Se ae wh Bee 60 3 9 
Veshaped . 0 ee iver Fae et ee 8G 9 3 
Ring-shaped. 2. 0 0. ee si gr 2 e 2 
Indeterminate. 2 2. 2. ee ee 9, 3 1 
C-shaped woe ok a ee i) oe oe, 5 i ie a 
Not to be classified 2... .......2.2..00- 5 a 2 

38 17 15 


By ‘indeterminate’ is understood those that might be placed in any two of the U, V, or C 
types, according to the classifier. Those marked ‘not to be classified’’ are absolutely irregular. 
The V-shape is particularly common in women and the irregular forms in men. It should be 
noted that a_very large part of the duodenum lies in an essentially antero-posterior plane,— 
namely, the first, second, and a considerable portion of the third part, the organ being moulded 
on the spinal column. The length of the whole duodenum and of its parts is so variable that a 
statement can be only general. The first part is, according to Testut, 5 cm., the second 8 cm., the 
third 6 cm., and the fourth 7 cm., the total length of the duodenum being 26 cm., or about 
1oin, The circumference varies greatly in different bodies. The fourth part is the smallest. 
The second increases in size as it descends, and the largest point is in ¢ither the second or third. 
The two largest circumferences that we have measured were in the second part. We are sat- 
istied that the size of some immense duodena is in no way due to artificial distention ; to what 
extent it is pathological is uncertain. 


‘ Journal of Anatomy and Physiology, vol. xxxi., 1897. 
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the retro-peritoneal connective tissue and by the peritoneal reflections. The sh==amm=-pe 
allows the food from the stomach as well as the fluid poured into it from the lz —===~et 
and pancreas to accumulate and thus to act as an S-trap to prevent the passage =— 
gases from the intestine into the stomach. At the same time the great developm <««===nt 
of the valves tends to retard the passage of the food. 

Peritoneal Relations.—The peritoneum of the front and back of the stomzamm=— ch 
is continued along the right and left sides of the first part of the duodenum resp=ae=—=c- 


Fic. 1399. 
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Abdomen of formalin subject ; peritoneum partially dissected off, exposing organs /m s:/™ on posterior wall ; transverse 
colon, mesocolon, mesentery, and jejuno-ileum removed, 


tively. These layers meet above along the greater portion of the first part to form 
the lesser omentum, which ends posteriorly, as already stated, by forming the hepatico- 
duodenal ligament, consisting of the vessels entering the portal fissure of the liver 
with their enveloping connective tissue. The free edge where the peritoneum 

behind the ligament is on the inner side rather than above the gut. Just back of this 
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of the first part of the duodenum is covered | 
of the ripnrezar len worn The att nl 






fle intestine ; ban it is contest to anytiac iantaniegs toneun 
he change into connective tissue oy tet aoe e Serous 
e of the right side of the duodenum and that of the posterior abdomi 

Very often when the fourth part lies in front of the aorta a fold of peritoneum 
some distance in between them from the left ; but this pocket disappears when 
at is distended. The pancreas, when it overlaps the second, second, third, or even the 
th part, more or less displaces the peritoneum, The duodenum is crossed. 
‘attachment of the mesentery of the jejuno-ileum and by that of the transverse 
jocolon. The series of changes by which this has occurred is dealt with under 


g 


Fic, 1400. 





Duodeno-jejunal junction, showing duodenal fosse: ; jejunum turned to the right. 


Peritoneum (page 1742), the adult condition alone being here considered. The line 
of attachment of the transverse mesocolon crosses the second part of the steer 
a little below the deep flexure which on the front separates it from the first. 
position of the line of attachment of the mesentery of the jejuno-ileum yaries with 
the shape and position of the duodenum. Should the latter have its third part 
crossing the aorta, the attachment of the mesentery will cross the third part only, 
passing somewhat obliquely downward to the right. In the more usual arrangement, 
in which the fourth part of the duodenum either ends on the front of the aorta or 

crosses it only just before its termination, the line of attachment starts on the front 
cpithe | the fourth part or somewhat on the right of it and descends on more or less, 
sometimes on the whole length of this portion, or else lies just to the right of it and 
then crosses the third part. In the case of the V-shaped duodenum the mesentery 
runs down on or along the right of the oblique portion, 

Duodeno-Jejunal Fossx.—Several pockets formed by folds of peritoneum 
are found near the end of the duodenum in the greater cavity of the peritoneum. 
Some are vascular,—that is, containing a vessel at or near the edge of the told, —while 
poe are not. We have adopted the classification of Jonnesco, who describes five 

S. 
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The Mesentery and Topography of the Jejuno-Ileum.—Since cons» = _4d- 
eration of the mesentery is indispensable for the study of the disposition of the fo» ME\ds 
and relations of the small intestine, this structure next claims attention. The serco=—us 
covering of the gut itself requires no further description than to note that it co» == m- 
pletely surrounds the bowel, except at the double line of its attachment, where thee====re 
is left space just large enough for the passage of the vessels and nerves. The attachm- ed 
border of the mesentery (Fig. 1399) extends from the left of the tront of the fm m= rst 
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Formalin subject ; liver, stomach, transverse mesocolon, and colon have been removed, leaving other abdomina) 
organs mm sit; attachment of cut peritoneum indicated by white line. 


or second lumbar vertebra, immediately below the end of the duodenum, where the 
superior mesenteric artery enters it, to the right sacro-iliac joint, a distance of about 
15cm. (6in.). The relations of the upper part of the fold are determined by the 
shape and position of the duodenum, — Probably the usual course of the mesenteric 
attachment is from the front of the aorta downward on the fourth part of the duo- 
denum, across the vena cava to the right sacro-iliac joint. With a V-shaped duo- 
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of the mesentery is usually on the right of the gut ; with a duodenum 
faacta inline aerona the Shige par The lower end of the mesen- 

termined by the degree of adhesion of the right mesocolon to the abdomi- 

t ay aa of the sacro-iliac joint, but it may be continued 

t jossa, 


vr": or intestinal border of the mesentery is some 6 m. or about 20 ft. lo 
in the distance between the borders is from 20-22,5 — (8-9 ia.) 
bin in the first six inches of the intestine, the mesentery has reached a 
ae 12-15 em. (5-H in.). At the lower end its breadth is more uncer- 
es i rae only from 2.5-5 cm, for the last six inches, It increases 
with age, presumably concurrently with the increase of girth, The mesentery con- 
tains vessels and nerves as well as lymphatic glands between its folds ; these struc- 
tures may lie in a considerable mass of fat, ating to the thickness, which is much 
Spenaes on account of the size and number of the vessels, in the upper part than in 
the lower. The larger lymph-nodes 
and the fat accumulate chiefly near the Fic. ryo4. 
border, where the mesentery ; 

be very thick and heavy, while 
part near the intestine, except in 
ee excessive fatty accumula- 
ways thin and neat It 
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much folded; and further, that 
while the intestinal border must pre- 
sent a vast number of totally irregular 
and transitory folds, changing with 
the movements of the gut, the heavier 
and more fixed part of the mesentery 
near the root must present certain chief 
folds the position of which is tolerably 
stable. 


Henke’ has shown that if the hand 
be introduced among the coils of intes- 
tines in the line of the left psoas muscle 
and carried upward, it enters the con- 
cavity ofa esate sleped | fold of as 
mesentery, and that the intestines easily 
fall apart to either side. The coils on smmnatoal ‘ott lebanrodmseiee) i os oN eae ma tee 
the left are in the main transverse and 7%) 5 lem; 6. termination of ileum int large fn 

= to the right chiefly vertical. This 
although sometimes obscure, is often beautifully clear, especially in infants. 

Walnbert * from studies on the new-born infant, has carried the plan into further 
sate He finds that the upper two-fifths of the intestine are arranged in trans- 
verse folds in the upper left part of the abdomen; the middle fifth lies in the left 
iliac region without definite arrangement; the last two-fifths are in the median 
part and in the right iliac region, disposed in the main vertically. Still, cases 
occur at all ages in which the plan is obscure. Mall* has traced the plan of the 
intestines throughout development, and incidentally confirms Weinberg’s state- 
ments. The following account of the normal arrangement in the adult is essentially 
according to his researches. The gut is to be conceived as arranged in spiral coils 
travelling from the left hypochondriac region to the right iliac fossa, successive coils 
being in the main parallel. Starting from the duodenum, there are two transverse 
folds in the left hypochondrium, followed by a long fold that goes across the body 
and back, Some less distinctly transverse folds occupy the left iliac fossa. The 

? Arch, fiir Anat. und EntwickIng., 

? Internat. Monatsschrift fiir Anat. os Phys, Bd, xili., 1 

* Arch, fiir Anat. und Entwicklng., 1897. Supplement 
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intramuscular plexus of Aucrbach and the submucous plexus of Meissner, and their 
connection with the lower seven intercostal nerves distributed to the skin and muscles 
of the abdomen, explain (a) the abdominal rigidity and tenderness which often pre- 
cede an extension of disease from the visceral to the parietal peritoneum ; (4) the 
paresis or paralysis of the intestines which is so common as a symptom of peritonitis, 
and which favors stasis of intestinal contents, putrefaction, and distention ; (c) the 
vasomotor disturbance which is an important, if not the chief, factor in the production 
of meteorism ; (@) the vomiting, first reflex and then from irregular muscular con- 
traction (reversed peristalsis) ; and (e) the reference of the carly pains, no matter 
what the seat of the peritonitis, to the epigastrium or umbilicus,—z.e., to the solar 
and superior mesenteric plexuses. 

The usual cause of peritonitis of the small intestine, by infection from within, is 
penetration of its walls by the colon bacillus, following epithelial necrosis or ulceration 
due to catarrh or to various forms of infection, or secondary to diseases which. pro- 
duce engorgement of the terminal vessels of the portal system. It is sometimes, in a 
less acute form, a final phenomenon in fatal cases of renal or cardiac disease. It may 
follow tuberculosis or typhoid ulceration of the solitary or agminated lymph-nodules. 

In all cases of enterorrhaphy—as after resection or anastomosis—especial atten- 
tion should be paid to the non-peritoneal area included between the two mesenteric 
layers. The success of these operations depends primarily upon the rapid union of 
apposed peritoneal surfaces ; hence the scrous coat, including the two layers of the 
mesentery, should be brought together through the complete circumference of the 
bowel and ‘accurately sutured. 

2. The Muscular Coat.—Irregular or spasmodic contraction of the muscular wall 
of the small intestine produces typical ‘'colic,’’ the pain being analogous to that felt 
ina ‘‘cramp”’ of one of the voluntary muscles. Intestinal colic is not associated 
with tenderness of the surface of the abdomen, or with rigidity of the abdominal 
muscles, and is usually relieved by firm pressure,—supporting and controlling the 
affected segment of gut. The abdominal wall may be moved freely over the under- 
lying viscera. It may thus be distinguished from the early pain of peritonitis. 

The greater thickness of the inner—circular—coat causes longitudinal wounds to 
gape more than transverse ones. The latter are more apt to gape if they are at the 
free border of the gut, where the longitudinal fibres are most numerous. As the 
muscular coat in its entirety lessens in thickness from above downward, wounds of 
the jejunum gape more than those of the ileum. Intestinal punctures usually, and 
very small wounds not infrequently, are closed by muscular action, so that healing 
takes place without extravasation of intestinal contents. Slightly larger wounds 
may be stopped by a plug of mucous membrane. This is favored in the upper 
portion of the tube by the presence of the valvulz conniventes and in the lower part 
by the laxity of the submucosa. This eversion of the mucous membrane, caused by 
muscular contraction, must always be overcome in the suture of intestinal wounds, 
since the mucous surfaces will not unite with each other. 

3. The mucous and submucous coats and their contained glandular and vascu- 
lar structures are subject to many varieties of disease. If cafarrhal inflammation 
affects the mucosa of the small intestine, it is apt, if localized in the duodenum, to 
be associated with gastritis and to extend into the bile-ducts, causing jaundice. If 
in the jejuno-ileum, it may be mistaken for colitis ; usually, if in the small intestine, 
the diarrhcea is less marked, the colicky pains are greater, borborygmi are fewer, 
less mucus is found in the stools, and tenesmus is absent. Neither duodenitis, jeju- 
nitis, nor ileitis can, however, positively be diagnosticated from one another or from 
general intestinal catarrh (Osler). 

Ulcers of the duodenum are in the vast majority of cases (242 out of 262, Col- 
lin, quoted by Weir) situated within 5 cm. (2 in.) of the pylorus (the most movable 
portion of the duodenum) and are most often on the anterior wall, especially its 
tight side. The peritoncum of the right side of the first part of the duodenum looks 
into the gencral peritoneal cavity, and of the left side into the lesser cavity (page 
1645). When perforation follows, the general peritoneal cavity is therefore likely to 

be infected, and the death of one-half of the subjects of perforating duodenal ulcer 
from general peritonitis is thus accounted for. The second part of the duodenum is 
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c ‘its lower portion—the most fixed part of the intestine—would probably be more 
injured. The upper portion of the jejunum, which partakes somewhat of this 
fixity, e commonly ruptured than any other part. So, too, the most fixed 
Levee agen nearest the ileo-czecal junction—is most often the site of rup- 
_ An incarcerated or irreducible hernia may constitute a fixed point of the gut 
ad favor pemecoue elsewhere from trauma to the surface of the the abtonien. 
the intestine, like wounds or obstruction, are more serious the 
Sree sali situated. The nervous disturbance and shock are greater, pessbly 
on cd chee the more immediate relation of the lesion and of the resulting 
neg (Cr) to the great nerve-plexuses or to the pericardial portion of tlie 
phragm (Crile) ; vomiting begins earlier and is more severe for the same reason ; 
is more vigorous (as the muscular coat of the gut is better developed) 
and therefore rapid extravasation of intestinal contents is more likely and spontane- 
ous closure of a wound less likely to occur ; and, if the condition is at all chronic, 
nutrition is interfered with to a greater extent. Clinical experience shows that in 
such injuries the anatomical are more potent than the purely ba ical factors, 
which would tend to make jejunal wounds /ess dangerous than those lower in the 
tract, Investigation has shown (Cush- 
and Livingood, and later Lorrain Tho: 1408: 
Smith and Tennant) that the bacterial 4 . 
flora in the upper portion of the intestinal 
tract is more scanty than in the lower 
yj and it is true that peritonitis 
lowing intestinal wounds, operative or 
accidental, is dependent for its charac- 
teristics upon the bacteria at the site of — Intussusceptum 
lesion, and that the prognosis should be 
favorable in proportion to the scarcity 
and innocuousness of the micro-organ- 
isms present. But the anatomical con- 
ditions, by adding to shock, favoring 
intestinal extravasation, and minimizing 
the chance of a reparative peritonitis, are 
more than sufficient to counterbalance 
the relative dearth of bacteria. 

It should be remembered that the — tussu 
position of the wound or contusion on the 
ersteiag ae abdomen is of but slight 

ue in determining the area of gut in- Longitudinal section of intussuscepted gut, showing 
volved. Thus, a jejunal fistula following layers. y, 
a wound was situated midway between 
the umbilicus and pubes, but measurements made by attaching ligature silk to portions 
of food swallowed and extruded at the fistula showed that the latter was but 119 em. 
(3 ft. 11 in.) from the incisor teeth, and was therefore high in the jejunum ( Cushing. ) 

It may be noted that fistulee so situated are apt to be complicated by excessive 
dermatitis, supposed to be due to the presence of pancreatic juice in the discharge, 
as gastric, biliary, and colonic fistul do not give rise to this trouble in any such 
degree of severity, 

Obstruction fr the small intestine may be due to (a) foreign bodies Gacucing 
intestinal concretions and gall-stones that have ulcerated into the duodenum), an 
is then most apt to occur at the ileo-czecal junction on account of the narrowing of 
the canal at that point; (4) éands, producing constriction of a coil or knuckle 
of gut, such bands arising from the elongation of adhesions due to previous perito- 
nitis, from inflammatory attachment of the free end of Meckel’s diverticulum (page 
1652), of adventitious diverticula (from protrusion of the mucous membrane through 
the muscular coat), or of the appendix, Either the Fallopian tubes, the appendices 
epiploicz:, the omentum, or the mesentery may in like manner become converted 
into constricting bands ; (c) stricture, as from tuberculous uleer in the ileum or 
syphilitic ulcer in the jejunum ; (d@) volvulus, especially in the lower part of the 
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rarely needed for the removal of foreign bodies, as those small enough to pass the 
pylorus effect, as a rule, only temporary lodgment in the duodenum and usually 
reach the ileo-czecal region. 

The jejunum may be distinguished from the ileum. by its greater width and 
thickness, its deeper color, and by the presence of the many large folds of the val- 
vulz conniventes which can be seen in the collapsed and tense gut by transmitted 
light. By drawing a loop of intestine out of the abdomen so that, with the Hee. 
parallel with the long axis of the body, its mesentery is stretched and straightened, 
it is easy to determine which is the upper end of the loop, and so to follow the gut 
either towards the duodenum or the czecum, as may be desired. The finger should 
be passed down to the spine, keeping in close contact with the mesentery ; if it 
remains on one side until the posterior attachment is reached, it is evident that 
there is no twist of the loop and that its upper portion is normally the portion 
nearest the stomach. As loop after loop is examined, if the intestine leads in an 
upward direction the color becomes paler, and the walls become thicker owing to the 
valvulz conniventes and to the increase in the submucous and muscular coats. 

Other methods of locating with accuracy a given coil of bowel are (1) by means 
of the length of the vasa recta (3-5 cm. in the upper and 1 cm. or less in the lower 
portion) ; (2) by the vascular loops from which the vasa recta originate, which are 
primary in the first four feet of the mesentery. Secondary loops appear as we go 
farther down, until in the lower third there is a net-work of loops ; (3) by the loops 
or ‘‘lunettes’’ at the intestinal attachment of the mesentery, best visible by trans- 
mitted light. Below the first eight feet these lunettes disappear (Monks). 

Enterotomy—tor temporary relief of obstruction or distention or for the removal 
of a foreign body—is done at as low a point as circumstances permit, through a 
transverse incision at the part opposite the mesenteric attachment. 

Enterostomy—the establishment of a permanent fistula for the purpose, if it is a * 
Jojunostomy, of feeding the patient in cases of obstruction of the alimentary tract 
above the opening ; or if it is an z/eostomy, of relieving fecal accumulation in cases 
of obstruction at a lower point—is done by suturing the selected knuckle of gut to 
the parietal peritoneum by a double line of sutures and opening the bowel between 
them. 

Enterectomy and entero-anastomosis (either lateral or end-to-end) require for 
their performance, so far as anatomy goes, application of the facts and principles to 
which reference has already been made. 


THE LARGE INTESTINE. 


The general plan ot the large intestine has already been given (page 1617). It 
is easily distinguished from the small intestine, not so much by its greater size as by 
being sacculated, excepting, perhaps, the sigmoid flexure. 

The length of the large intestine from the root of the appendix to the beginning 
of the rectum is, according to Treves, about 1.4 m. (4 ft. 8 in.) in man and 5 cm. 
(2 in.) less in woman. The extremes were 2 m, (6 ft. 6 in.) and 1m. (3 ft. 3 in.). 
Excluding the dilated part of the rectum, the capacity decreases from above. Owing 
both to variation and to occasional cases of extreme contraction as well as of dis- 
tention, the diameter is very uncertain. It may vary from 7 cm. (2 in. ) to 3.5 cm. 
(13 in.) without the more extreme figures implying a pathological condition. 

Structure.—The mucous coat of the large intestine agrees in its essential 
structure with that of the small gut, consisting of a stroma resembling adenoid tissue, 
covered by a single layer of columnar epithelium exhibiting a cuticular border. The 
chief difference, on the other hand, is the absence of villi, in consequence of which 
the velvety appearance imparted by the latter is not seen in the large intestine. 
Valvule conniventes are also wanting, although there are projections into the large 
gut involving all or a part of the coats internal to the serous tunic. The muscularis 
mucosz is less regular in its development, being feebly represented in the colon and 
exceptionally thick in the rectum. 

The glands of Licberkiihn in general resemble those of the small intestine, 
but are larger (about .45 mm. in length), and form a more regular and less inter- 
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rupted layer of parallel tubules. The largest ones are in*the rectum, where t—amthey 
measure 7 mm. (Verson), The Srna the glands is conspicuous on accouz2m==—nt of 
_ the great number of goblet-cells, which in the middle and upper parts of the tuls == ules 


Fic. 1406. 





Surface views of mucous membrane of ascending colon. A, natural size ; #, magnified 3o diameters, showing orit———=—c 
+ of Lieberkihu's glands. “ 


often exist in such profusion that the ordinary cells are almost entirely replace j 
towards the deepest part, or fundus, of the glands they are comparatively infrequem=e=—_**- 
The presence of goblet-cells in such numbers accounts for the considerable amo Tt 
of mucus normally poured into the large intestine. 





Longitudinal section of ascending colon, showing general arrangement of coats and solitary lymph-nodule. © 30 =i 
The /ymphatic tissue in definite collections occurs as solitary nodules only, a 
Peyer's patches being absent within the large intestine. The lymph-nodules, which 4 


occupy a portion of the submucous coat as well as the mucosa, are largest and most 
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nerous in the czcum, and especially in the vermiform appendix, in which the 
lules are so plentiful that they form in places almost a continuous mass of lymphoid 
tissue. The solitary follicles are less fre- 
Fic. 1408. quent in the colon, but are again numer- 
ous in the rectum. They are generally 
of larger size than in the small intestine, 
measuring from 1.5-3 mm. in diameter, 
and are situated at the bottom of pit-like 
depressions on the mucous surface into 
which the nodules project. 
The submucous coat closely cor- 
responds with the similar areolar tunic of 
the small intestine, allowing of fairly free 





*ortion of mucosa of large intestine, showing Lie- Mucosa of large intestine sectioned parallel to free 
ihn’s glands cut lengthwise ; many epithelial ele- surface, show! ing ieberkiihn’s glands cut crosswise; 
s contain mucus and are * goblet-cel Is."" XxX 225. lands separated by intervening stroma of mucous mem- 
rane. X 225. 
Fic. raro. Fic. 1411. 





on of descending colon, somewhat distended, show- Longitudinal section of epiploic appendage. ~ 23. 
ig sacculations, teenia, and epiploic appendages. 


' of the mucosa. In addition to the blood-vessels, lymphatics, and nerve-plexus 
feissner, it contains the deeper and more expanded parts of the solitary nodules. 





rst part of the large intestine, is 2 
1 and colon, from which the 
rge intestine by a transy 


Medico-Chirurgica di Pavia, 1889 
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ternally and somewhat posteriorly. From the top of the ileum a deep furrow passes 
Posteriorly partly around the gut, and a less marked one is found in front. 
Although starting as just stated, the furrows at once descend a little, so as to repre- 
ssent truly the middle of the orifice. These serve as an external boundary between 
the cecum and the colon, which are much alike in general characters. The average 
length of the cecum in the adult is between 6 and 7 cm. (about 2% in.), and its 
breadth about 8 cm. (3% in.).'| The bands of the colon are continued onto the 
czecum of the adult, and terminate at the origin of the appendix. One band is in 
front and the other two externally and internally at the back. The parts between 
the bands are generally expanded pouches, which may be subdivided by horizontal 
constrictions. There are two chief forms of caecum with several minor modifica- 
tions : the first is a persistence of 


the fcetal type, in which the cecum Fic. 1413. 
has the shape of a cornucopia bent 
towards the left, with the tapering 
end continued as the vermiform —\ 
appendix ; the other, which is the 
usual, and occurs in from 91-94 
per cent. of adults, is due to the 
part between the external and the 
anterior band growing out of all 
proportion, so that the pouch be- 
tween them becomes the lowest 
part, apparently the apex, the ap- 
pendix arising from the internal 
posterior side near the ileum. In 
extreme cases the two may be very 
close together. Very rarely the 
czecum is symmetrically sacculated, 
with the appendix at the lower end. 
To understand the interior 
of the cecum it must be remem- 
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bered that the end of the ileum is r fad 
thrust in at the angle between the 

colon and cecum in such a way 

that originally in foetal life all the Neon 
oats were involved. The serous 

<oat is replaced by areolar tissue 

where two layers come together Cecum 
<and_ new longitudinal muscular Opeviing of 
fibres are subsequently developed appendix 


which do not enter the folds ; how- 
ver, the original longitudinal mus- zs 
Sular layer, as well as the circular terigraltemmed Grshow Hescenl valve aml orlice of vert 
One, does so. The latter is thick- form appendix. 
ned inside the fold. The ileum, 
as it approaches its end, lies between the surface of the cacum below and the lower 
swelling of the colon above ; thus the upper of the two lips of the elliptical opening 
Xs composed of colon and ileum, the lower of ileum and cecum. They form promi- 
nent shelf-like projections into the large gut, opposite the external furrows, and 
Constitute the tleo-cecal valve (vyalvula coli). The folds meet at the ends of 
the opening, forming single continuations or refinacula, of which the posterior is 
much the larger. It often extends across the posterior to the lateral aspect of the 
gut. The two segments converge, but at different angles. The upper, slanting 
somewhat downward, is approximately horizontal, while the lower is more nearly 
vertical. The orifice of the ileum between these folds is elongated when the gut 
is distended, the posterior end being sharper than the anterior, The diameter of 
the segments, measured from the origin to the free edge on 35 inflated and dried 


! Berry : The Anatomy of the Czcum, Anat. Anzeiger, Bd. x., 1895. 
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specimens, is as follows: average of upper segment 25 mm., of lower 33 mm. me 
The largest pair was an upper of 37 mm. and a lower of 44 mm.; the smallest of kd 
12 mm. and 3 mm. respectively. The last, perhaps, was pathological ; the next Bt 
smallest was 14 mm. and 19 mm. We have seen a cecum with the upper seg- =e, 
ment entirely wanting. The absence of both has been observed. The average 

length of the ileo-cxecal opening on 30 similar specimens was 31 mm., the extremes 
being 46 mm. and 21 mm. It is probable that, owing to the shrinking of the tissues, 
these dimensions of the opening are excessive. Although the lower fold is the = 
larger, the upper overlaps it almost invariably, so that when the valve is closed the 
two edges do not come in contact, the orifice being closed by the application of the 
lower fold to the under surface of the upper one. Inflated specimens show that 
the upper fold is tense, while the lower remains flaccid. Much difference of 
opinion exists as to the completeness of the closure of the ileo-czecal valve, and 
experiments do not agree. If the experiment of injecting water or air from the 
colon be performed 7» situ, the closure is more likely to be perfect than if the parts 
have been removed. These experiments, however, do not represent the true con- 
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ditions during life, since the tonicity of the muscular fibres of the gut is lost, are 8 

in the opened abdomen, the pressure of the viscera on the end of the ileum is le 

than normal. In life the valve probably is efficient. ua 
The orifice of the vermiform appendix is very variable. In some cas”, 


= in 
the cecum narrows to it so gradually that it is hard to say where it begins ; aes 
others it begins suddenly with an oval or round opening measuring from 5 mm. = ialy 


less to tem. or more. The va/ze which often is found at the orifice is not usual 
a true valve, but the projection made by the wall at the union of caecum and appe=™ 


s 
dix in the entering angle when it arises obliquely. According to Struthers, there a4 told 
no valve when it arises at right angles. Owing to its usual upward course, the fos gnall 
is most often on that side when present. We have seen a true valve as a sms ee ot 
independent fold; usually, however, there is no effective guard to the entrance » 
the appendix. 1 iliac 


Position.—The caecum is situated in the right iliac fossa, resting on the ilies 3 
fascia covering the ilio-psoas muscle, above the outer part of Poupart's ligament 
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about half below and half above the level of the anterior superior iliac spine. Some- 
times, owing to the shortness of the ascending colon, the caecum remains in the 
foetal position under the liver, or it may be arrested at any part of its descent. It 
not rarely hangs down into the pelvis, and when the lower part of the mesentery is 
long, particularly if the lower part of the ascending colon be not attached to the 
posterior wall, it may be very freely movable. In cases of mesenterium commune 
there seems to be no anatomical reason why it should not be anywhere. The 
cecum is sometimes turned up over the lower part of the ascending colon, but we 
cannot agree with Curschmann’s' statement that this is not rare. In these cases the 
appendix rises from near the highest point of the caecum. We have seen the caecum 
in the umbilical region with two vertical coils of small intestine occupying the right 
flank. 

Structure.—The description of the structure of the large intestine already 
given (page 1657) applies in general to the cecum. Its mucous membrane, like 
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that of the rest of the large intestine, has no villi. This change occurs near the 
margin of each segment of the ileo-czcal valve, the villi gradually diminishing and 
finally disappearing before the free edge of the folds is reached (Langer). The 
bands of longitudinal muscular fibres always end at the base of the appendix, but 
the precise manner of their termination is uncertain. According to Struthers,” each 
band bifurcates as it approaches the appendix, and the divisions, meeting those of 
the others, form a ring around a weak spot close about it. According to Toldt,* the 
ring is formed by the circular layer. The arrangement is not always clear, but we 
incline to think the latter the more common. The coats of the caecum are all found 
in the appendix. The lumen of the latter is small, except near the entrance, and 
the walls may be in contact. The lymph-nodules of the appendix are exceedingly 
numerous and large, in places fusing into masses of considerable size, which en- 


' Deutsches Archiv fiir Klin. Med., Bd. liii., 1894. 
? Edinburgh Medical Journal, 1893. 
* Sitzungsber. Acad. Wissen., Wien, Bd. ciii., 1894. 
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along the proximal half or even the whole length of the appendix, one is free, anc» ad 

the other two are attached to the left side of the mesentery and to the cecum = 

respectively. These latter are not readily distinguished from cach other; hence thes» a 
triangular effect. The artery of the appendix enters the fold on the back of the=» «71 
cecum, and runs at first from 5 mm. to 1 cm. distant from its free edge, whicha =h 
gradually approaches it. Although the fold may terminate before reaching the end E> sd 
of the appendix, it does not follow that the whole of the latter is not enclosed in peri- — =~ 


toneum, since under normal circumstances it always must be. The course, shape, 
and size of the meso-appendix are very irregular. It is almost invariably so short 
that the proximal half of the appendix is thrown into coils. We have seen this fold 
attached to the right side of the mesentery, as well as not attached to it at all. 
Sometimes it runs upward along the posterior part of the left side of the colon, so 
that the appendix is vertical ; at other times it is attached to the floor of the iliac 
fossa ; and very rarely it is wanting. In the female adult a secondary fold can very 
often, but by no means always, be traced from the meso-appendix to the broad 
ligament. This fold is probably due to the persistence of one which in the foetus 
often connects the appendix or czecum with the early ovary and the oviduct. The 
lymph-node which the meso-appendix is said to contain we have seldom found. 
It happens frequently that, from 
Fic. 1417. pathological causes by which ad- 
j hesions have changed the perito- 
/ neal relations, the appendix lies 
behind the peritoneum. — Fergu- 
son found it so 77 times in 200. 
Pericecal Fossx.— An 
ar indefinite number of fosse or 
Inferior ileo-cwecal 5 
fold pouches, all more or less variable, 
are to be found about the czcum. 
The two following are usually 
feist demonstrable, although not so 
— Inferior ileo- 
czecal fossa constant as held by some authors. 
____ Meso-appendix The superior ileo-caecal 
; fossa’ (I‘ig. 1414) is roofed in 
by a peritoneal duplicature, the 
supertor ileo-cacal fold, which, 
Caccum from inner side and below. starting from the right surface of 
the mesentery, curves over the 
end of the ileum from behind forward. The attached border, in which the ileo-colic 
artery lies, runs along the colon just where it joins the ileum, and is usually con- 
tinued forward down onto the front of the cacum for a short distance. The pouch 
between this fold above and the end of the ileum below opens to the left, but if the 
ileum be distended, the free edge of the fold is so closcly applied to it that the fossa 
is easily overlooked. The depth of the fossa may reach 3cm. It is most distinct 
in infants and frequently obliterated in middle life, although careful examination often 
reveals a sinall fold and recess that may be overlooked. Berry found this fossa 
absent in 12 of 100 cases, all of the 12 being over forty years. 

The inferior ileo-cecal fossa’ (Fig. 1417) is less constant and much more 
complicated than the preceding. Its practical importance is greater, since it may 
contain the appendix. To display it the ileum must be drawn upward and the 
appendix downward and to the right; the cacum may or may not require to be 
displaced to the right or inverted. This fossa is situated in the entering angle 
formed by the end of the ileum joining the cecum, and is bounded on the right by 
the first part of the appendix. The meso-appendix shuts it in behind, and in front 
it is covered by the éaferior ileo-cacal fold.’ The latter, which usually joins the 









——— Ileum, turned up 


1 There is much to be said in faver of the term i/co-colic, since the pocket lies at the angle 
of the ileum and colon. It, however, so frequently extends downward to the front of the cacum 
that the more usual nomenclature is here adopted. 

3 Known also as the i/ea-colic fossa, the tleo-appendicular fossa, etc. 

* This is the ‘ bloodless’ fold of Treves or the ileo-appendicular fold of Jonnesco, 
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s in its conventional form described so holder the xpyenteeatt an 
: one on the cecum, an inferior joining 
ix, rand re ie one looking tod the ee 
= to the fossa, which may be nearly 4 em. (1 depth, The 
ene See described as ‘ bloodless.” It 
ai uscle-fibres passing between the ileum and caecum. The size 
Saad onthe eeiaation of this pocket is very variable. When we consider the 
e of the meso-appendix which is concerned in its typical forma- 
tion, it is manifest that such must be the case. Sometimes the meso-appendix is in 
no way connected with it, only a small fold of peritoneum passing from the ileum to 
the cecum at the’side most removed from the mesentery. Berry found this fossa in 
cA sabe 
The Retro-Colic pose sin the great majority of cases the posterior sur- 
fare ofthe cxecum lies free in the aprpoae wea lgan toa wine Bache 
toneum. Ata variable distance from it the back of the eotbat: Bapsuiien enibiatat 86 
the posterior abdominal wall and to the front of the ri oe ake oaees there is, 
or may be, especially if the colon be drawn away from the wall, a fold on either side 
from the gut to the wall. These are the /igaments of the colon, the exter- 
nal and the infernal, The former runs outward and downward from the side of the 
colon along the abdominal wall, or ps across the lower end of the kidney, and 
fe ae a concave border over 25 I rin running os and outward. 
internal or mesian fold is the more distinct, and is formed chiefly by the 
peemee of the baieont According to its degree of development, the free falci- 
The tad may be co a pouch, looking downward and more or less to the right. 
may be continued downward either to the right or to the left. In the 
may form a pocket, of which the lower end opens upward. It is 
clear, etence, that with both these folds well developed a retro-colic fossa exists, 
which is shown when the caecum is turned up. Its greatest depth is in the middle 
behind the colon, and it is continued downward on either side under the folds 
caused by these ligaments. Should either ligament be wanting, there can be no 
fold on that side. Some authors have thought it best to describe an external and 
an internal fossa under each of the ligaments, of which the internal is the more fre- 
quent; it is more simple, however, to describe only one. The fossa may be sub- 
divided by a median fold. Very often there is no definite fossa at all. The internal 
part is more commonly well developed than the external. 
The subceecal fossa is an uncommon pouch, sometimes small and sometimes 
inte, situated above the middle of the iliac fossa. It seems to be due to an irregu- 
Tar development of the iliac fascia, which forms a ocket i in itself, with the mouth 
above, guarded in front by a semilunar fold. The oe ossa is lined by the parietal peri- 
toneum. It may unite with the inner fold of the retro-colic fossa, or the two may 
exist at the same time. It may contain the appendix, even a part of the caecum, 
or, = ahe to Jonnesco, coils of the small intestine, 
essels.—The artery supplying the c#cum is the ileo-colic, a branch 
of oh paid mesenteric artery, which sends to it both an anterior and a larger 
posterior branch, which ramify downward over the front and back of the caecum, 
A large branch from the posterior division runs between the folds of the posterior 
retinaculum ; less constantly a smaller vessel courses in the anterior one. The 
segments of the ileo-cecal valve are very vascular. The artery of the vermiform 
oa arises from the posterior division of the ileo-colic, crosses the back of the 
and runs in the fold of peritoneum to the end of the appendix. The veins 
of the cecum are arranged on much the same plan as the arteries. That of the 
appendix is relatively more important, receiving tributaries from the front and the 
back of the cecum. It passes behind the end of the ileum to the ileo-colic vein. 
The lymphatics are divided into a posterior and an anterior set. The former 
empty into small nodes on the back of the cw#cum beneath its peritoneal covering. 
The anterior ones are in or near the fold between the caecum and colon. The appendix 
contains a large lymph-sinus at the base of the follicles. Lymphatics pass through 
the interruptions of the muscular layer. They may enter a node in the peritoneal 
fold in the angle between the cecum and ileum. There are several possible communi- 
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mot rest against the under side of the diaphragm, according to its distention and 
that of the stomach. It rests behind and below on the small intestine. It may or 
may not be in immediate relation to the tail of the pancreas. 

The descending colon descends partly in front, but still more external to the 
kidney, and after passing the kidney rests wholly on the quadratus lumborum. 
Although more externally placed than the ascending colon, it does not usually project 
beyond that muscle. 

The sigmoid flexure (colon sigmoideum), the continuation of the large intestine, 
begins at the crest of the ilium as a loop of very varying length, which is attached by 
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Beft side of abdomen; small intestine turned to right, exposing mesentery, mesocolon of descending colon, and 
mesosigmoid. 


= mesentery, and ends at the middle of the third sacral vertebra. Its usual length is 
from 25-56 cm. (10-18 in. ), but is occasionally much longer. While it is true that the 
gut does not always beconre free at the crest of the ilium, but may descend, bound 
down closely, to the iliac fossa for some distance, it is best to regard the sigmoid 
flexure as beginning at a definite although arbitrary point rather than at the less 
certain one at which the gut really has a mesentery. Moreover, there is no great 
inaccuracy in the statement that this generally occurs at the crest of the ilium or 
just below it. The simplest form of the sigmoid flexure is a loop. If it be a small 
one, it usually is made of the last part of this section of the gut ; very often the first 
part is but slightly free while the last part is very much so. Short sigmoid flexures, 
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especially with short mesenteries, can hardly vary much from a simple loop ; under—m => .et 
opposite conditions, however, they may present the most diverse forms, so that a=. a 
definite shape can hardly be assumed. The M-form is common. We have seena-m =»-en 
the sigmoid disposed in three parallel vertical folds occupying all of the left iliac «= miac 
fossa and overhanging the true pelvis. As the sigmoid flexure descends along the=» «ff aht 
sacrum it usually curves to the right and crosses the median line. 

Peritoneal Relations.—The lower part of the ascending colon is very~g@—= =n 
often, for one or two inches, completely surrounded by serous membrane. The» «fh 
ligaments of the colon (described with the retro-colic fossa, page 1667) occur more ora <.> 70 
less well marked at the line where the peritoneum leaves the posterior wall. Aboves>-s Ov 
this the colon is connected by areolar tissue to the kidney. Occasionally the colons-# <-> lor 
is adherent as far as the cecum. The non-peritoneal portion of the upper part oft<> of 
the ascending colon equals about one-third of its circumference. S 

The transverse colon is attached to the transverse mesocolon and otherwise=> <= "se 
completely surrounded by peritoneum. The transverse mesocolon, after attaining == € Ig 
its permanent condition, arises along the back of the abdomen from one kidney to<—» to 
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the other. It crosses the front of the right kidney, the second part of the duo- 
denum, and passes along the lower border of the pancreas above the duodeno-jejunal 
flexure, to end on the left kidney. Sometimes in the left part of its course its 
origin rises onto the superior anterior surface of the pancreas. Its greatest breadth 
—i.e., the distance from its origin to insertion—is at the middle, and varies from 
10-15 cm. The posterior layer of the greater omentum fuses with it. The pAreno- 
colic ligament, which runs inward, shelf-like, from the left abdominal wall under the 
spleen, although in acquired relation with the mesentery of the transverse colon, is 
really a part of the greater omentum. The latter hangs down from the transverse 
colon over the small intestine, but its relation to the colon is not the same through- 
out. On the right it is fused with the peritoneum of the anterior surface of the gut 
and leaves it at the lower border. On the left it leaves the upper surface of the 
colon, or even the transverse mesocolon, before the latter reaches the gut. Thus 
the line at which it leaves the intestine rises gradually from right to left. 

The descending colon is usually uncovered posteriorly by peritoneum. 
According to Lesshaft,' whose results have been generally accepted, it has more or 
less of a mesentery once in six times. According to Symington,’ the mesenteries 


' Reichert and Du Bois-Reymond's Archiv, 1870. 
7 Journal of Anatomy and Physiology, vol. xxvi., 1892. 
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ue to a displacement of the peritoneum, which is but loosely attached. 
p rea less frequent. ; ~~ ompdid ky 






ne of origin of the mesen! ringette ies middle “of 
cral vertebra, where raat The gut may, meson ac 4 ety nly 
n to the iliac fossa as far as the true pelvis over the posterior 

rator foramen, in which case the line of attachment runs thence backward 
"BitSog’the boner of tie wae pnt crn the me-fae _ after which 
at descends across the sacrum. There may, of course, be an inde e number of 
_ ~ariations between these extremes. The attachment the! See eee 

tthe median line over the second and third vertebra, but it may diverge to either 
side of it. Variation also exists as to the point at which the mesentery ends. The 
Bisbee hy breadth—#.e., from origin to insertion—of the latter is usually found in the 
cise, casera 5 5 xcept It is, on the average, about 9 cm., 
5, not more than 16; exceptionally it may be as miki ee yer 

Karey les loop it is, of course, relatively narrow at its origin. “ 

The intersigmoid fossa is an inconstant small peritoneal panei present 
zabout three times out of four, on the under side of eons mesentery of the sigmoid — 
flexure, which is shown by throwing the loop upward and to the right, It is ob- 
viously due to the failure of the sigmoid mesentery to unite com y with the 
ene; of the posterior wall, and consequently is under the edge of the part that 

ils to unite, | lying usually just above the true pelvis near the common iliac artery. 
‘The orifice of the pocket is very likely to be circular, with a diameter of from 1-3 
cm., in most cases nearer the lower figure. The pouch may be quite rudimentary, 
or may extend up like a tunnel between the layers of peritoneum for an inch or two, 
or exceptionally for a greater distance. 

Development and Growth. ~The ile of the intestines, and ig nr 

eae is, according to Treves, ly constant at birth. He found the 
erage length of the small intestine Pegler 287 cm. (9 ft. 5 in.) and that of the 
Shouts 56 cm. (1 ft. 10in.).  Itis remarkable that while during the first two mont 
the small intestine grows at the rate of about two feet a santh, the large intestine 
remains of —_ same length for three or even four months. This is due to the fact 
that di iod the large intestine grows at the ex of the sigmoid flexure, 
SEs um le nearly one-half of the bis while Aare eee 
proximately its permanent proportions (Treves). is t 
Tork sen small and large intestine is extremely irregular, as al by the following table ; 


Observer. Age. Small Intestine. Large Intestine. 

Dwight. to months. cm. 78cm. 

Dwight. to months. bi em. go cm, 
Hew 1 year. Ge $e 

Dwigh' 3 years. cm. 

Treves. 6 years. a 91.5 cm. 

Treves. 13 years. Hit .3 1o7 cm. 


As the sigmoid flexure is relatively | in the infant and the pelvis very small, 
the convexity of the loop lies in the tol site of the abdomen. 


Variations.—The mesentery of the small intestine and of the ascending and the transverse 
colon may remain attached only at the origin of the su r mesenteric artery, giving the con- 
dition known as mesenterium commune. The ascending pati may, on the other hand, be so 
pane as to make secondary folds. Curschmann' has seen its mesentery long enough to be 

transverse colon may be short, wantin vee or both flexures. In latter case 
oe a ascending and the descending colon are almost like tes sides of an inverted V_ heen 
much more often the transverse portion may be too long and descend in the middle like an 
with the middle point at the pelvis. A fold is more common at the left than the right. A 
double fold of the transverse colon has been seen. the part of the gut, when over large, may 
decidedly diminish the area of the liver dulness. The descendi nm may also present 
folds, but an immense sigmoid flexure, which usally is accompanied by eget. length of the 
large’ intest intestine, is more common. The convexity of this fold may reach to the transverse 

or to the cecum. Sometimes the sigmoid flexure consists of two successive folds, 


‘ Deutsches Archiv fir Klin. Med., Bd. liii., 1894. 
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Blood-Vessels.—The arteries of the colon are derived from the superior an e-= mand 
the inferior mesenteric. The former supplies the caecum, the ascending and the «Hf - the 
transverse colon, and a varying amount of the descending colon. The supply of the cHi-» the 
latter is completed by the inferior mesenteric, which is also distributed to the sigmoi@> # > aoy 
flexure. The general plan includes a series of anastomoses between neighboringsy ex g—in 
branches, by which long arterial arches run near the border of the gut, to which > z mic 
they give off irregular twigs. There is no system of straight vessels as in the greatem=p-y =t 
part of the small intestine. In the sigmoid flexure there is a recurrence of thact» th 
superimposed arches, which may be three in number. The superior hemorrhoidal «= Ey zig, 
branch of the inferior mesenteric artery runs in the last part of the mesentery of thaneg y th 
sigmoid, and often divides in it into two branches, which run side by side on theaangg th 
back of the gut towards the rectum. The vezns are disposed much the same a@e-  _ 
the arteries, but with a system of straight vessels from the intestine. =s 

The lymphatics, which are many, empty into lymph-nodes on the posteriomeyg—_. 
wall of the abdomen, which are a part of the same system as those of the small fe— sab 
intestine. all 

The nerves are from the superior and inferior mesenteric plexuses, which ara g_ 
derived chiefly from the solar and the aortic plexus respectively. are 
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The Rectum.—The rectum begins at the middle of the third sacral vertebr= e.,, 
the point at which usually the mesentery that restrains the sigmoid flexure termrax—anj- 
nates. It was formerly described as beginning at the left sacro-iliac joint, b<e—=abut 
this division, which is unwarranted, is falling into disuse. The rectum descen «ds 
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along the hollow of the sacrum and coccyx, passes the point of the latter, and con- 
tinues until it reaches the lower and back part of the prostate gland in the male or 
the vagina in the female. [ts length is about 12.5 cm. (approximately § in.). The 
gut is then continued by the ana/ cana/, sometimes called the sphincteric portion ot 
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situated in the thickness of the pelvic fioor, and directed downward 
rd, making a sharp angle with the rectum proper. 4 pe ¥ 





even more, in circumference. The saccules are separated by deep creases, passing 
about two-thirds around the gut, caused by a folding in of all the coats Reto) to the 
two bands of longitudinal muscular fibres. The folds form the valves of the rectum, 
to be described with its interior. In the male the ampulla extends against the back 
of the prostate and the lower part of the seminal vesicles and the terminal parts of 
the vasa efferentia, to all of which it is connected by areolar tissue. A pocket of 
peritoneum intervenes higher up, the walls of which, however, come in contact when 
the hollow organs are distended. In the female the end of the ampulla lies against 
the posterior wall of the vagina from about opposite the level of the os uteri to the 
junction of the middle and lower thirds. There is above this a fold of peritoneum 


corresponding to that of the male. 
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The Anal Canal.—This part of the large intestine (pars analis recti) is situ- 
ated in the thickness of the pelyic floor and extends downward and backward. It 
differs from the rest of the intestinal canal in haying no lumen under ordinary cir- 
cumstances, when the sphincters surrounding it are contracted, The anus is the 
very vaguely used name of the termination of the anal canal. It is deeply situated 
between the nates, especially in the female ; its distance from the tip of the coccyx, 
variously stated by different observers, may be said to be about 5 cm. (2 in.). 
Much confusion has arisen from the difficulty of defining the lower end of the anal 
canal, since the skin, which is puckered up by the external sphincter and the cor- 
rugator cutis ani, somewhat resembles mucous membrane, so that the canal appears 

r than it really is. The anatomical boundary, the ano-rectal groove, the so- 
called white line of Hilton, is a slight zigzag furrow, usually to be seen on the living 
and not on the dead. It lies a little above the lower limit of the internal sphincter, 
which, covered by dilated veins, projects towards the potential lumen above the 
external sphincter, and is 1 cm. or more within what, on a superficial examination, 
would be called the anus. When the dissected rectum is laid open, much is evidently 
a part of the skin which during life is drawn into the canal by the contraction of the 
muscles ; hence the length of the canal is very variously stated. Seldom does it 
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pouches o rd. They are situated in, the anal canal at the upper 
@£ the internal arg ‘se The mucous membrane of the rectum is ahewt hed 
s<awies of longitudinal folds, These are easily eflaceable, although some are continu- 
«as with the columns of Morgagni. 


‘he submucous coat is lax, allowing the mucous membrane to be readily dis- 
E> Eaced, but at the lower end of the anal canal the latter is firmly attached to the 
Ewa uscles, 


The muscular coat of the rectum is thicker than that of the colon, reaching to 
=> mm. The thickening is greatest in the layer of the circular fibres. The longitu- 
<2 snal ones, although forming a continuous layer, are for the most part collected 
#©=-ont and back into the two bands already mentioned, of which the posterior is the 
Berger and the more concerned in bridging over the folds. The internal sphincter is 
Sut an hypertrophy of the circular muscles, while the external sphincter is a muscle 
<>f the perineum. It has been thought advisable to here describe together the 
@wxuscles and some of the fascia of the rectum and anus, including some that are 
largely extrinsic. 


THE MUSCLES AND FASCIAS OF THE RECTUM AND ANUS. 


The levator ani (Figs. 1423, 1424) arises from the back of the body of the pubes, 
= bout midway between the upper and lower border, very close to the middle line, 
=2nd thence, from the ‘‘ white line'’ formed by the splitting of the pelvic fascia, as 

as the spine of the ischium. The anterior fibres from the pubic bone pass below 
the prostate, some going to its capsule, as a strong muscular bundle to the central 


Fic. 1423. 





Muscles of pelvic floor and perineum from below. 


point of the perineum and the front and sides of the rectum, in which some of them 
end. The remainder of this set passes with the fibres from the white line to the 
side of the coccyx and to a fibrous band (ligamentum anococeygeum) running from it 
to the anus. This latter part of the muscle is thinner and more transversely placed 
than the former. 


_In the female the pubic portion sends some fibres to the vagina 
and some around it to the central point of the perineum. The fibres, for the most 
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rt in both sexes, pass by the rectum so as to compress it, although some en@r amtet 
its walls and mingle with those of the sphincters. 

Nerve.— A branch from the sacral plexus (sometimes there are more than on+ samme) 
runs to the levator ani on its upper surface. The fibres come from the third ane s==and 
fourth sacral nerves. According to some, the muscle also receives fibres from tK = th 
inferior hemorrhoidal branch of the pudic nerve. 

The coccygeus (Fig. 1424), a triangular muscle arising from the spine of tH -w th 
ischium and inserted into the border of the coccyx, is in the same plane and pract —=» acti 
cally continuous with the levator ani. The two muscles of both sides have been we — ge! 
called the diaphragm of the pelvis. They form a funnel-like structure with the wa’ «c= -ajj, 
converging downward to the anal canal, and an anterior opening for the prostate =a. in 
the male and the vagina and urethra in the female. 


Fic. 1424. 
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Nerve.—The muscle receives branches from the fourth and fifth sacral nero “SS 
and perhaps from the first coccygeal. 

The external sphincter ani (Fig. 1423), situated beneath the skin and ce ="; 
ried up into the puckering at the anus, is a flat oval muscle composed of striat” sek 
fibres surrounding the end of the rectum. It arises from the tip of the coccy wr 
from the skin over it, and from a raphe extending from it to the anus. The fibre 
diverge on cither side to enclose the anus, meeting in front of it at the centrar 4 
point of the perincum (page 1917), where they mingle with other muscles which s* 
meet at that point. Some of the inner fibres completely encircle the anus. In a 
the female some fibres decussate with those of the sphincter vagine. This sphinc- 
ter is ‘Cexternal’’ in two senses: it is nearer the outer surface than the inner, and 
also surrounds it. 

Nerve, —It is supplied by branches of the fourth sacral and of the inferior 
hemorrhoidal nerve. 


es 
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The internal sphincter ani (Fig. 1421), composed of involuntary muscular 
SNe Me afeideeendeg ol che cironlen aver oF the tecttra, which becomee soareeshat 
the beginning of the anal canal. It surrounds the latter for a distance of from 
>. 5-3 cm., and is about 4 mm. thick. . . j 

Nerves reach the internal sphincter ber ity Seep acne ewe Very 
probably some of them come di from spinal nerves. : A 

: vag tone merece rar hape Riper eter at aac 

nal ‘the rectum es to the skin, which. eir i} 
comsagts ‘those of the external sphincter ; the iocgrcadieal muscle-fibres 


the mucous coat, becoming enlarged, pass in the same way between the bundles of 

the internal sphincter. Sos inifiostant accessions are received from the levator ani. 

The i muscular fibres of the rectum, moreover, enter into connection with 

the tissue of the pelvic fascia between the peritoneum and the levator ani, and 

Perhaps with the latter also. Various bundles of muscle-fibres, apparently arising 
Fic. 1425. 
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from the pelvis, mingle with those of the rectum, The vecto-coccygeus of Treitz 
arises from the anterior surface of the coccyx above the pelvic floor and mingles with 
both the longitudinal and circular fibres at the back of the rectum. — It is said to con- 
Sist of striated fibres at its origin. Bundles of fibres are described as arising from 
the fascia on the deep surface of the fransversus perinet profundus muscle and pass- 
ing to the front of the gut. 

The corrugater cutis ani is a small system of muscular fibres radiating from the 
submucous tissue at the anus to the deep side of the skin, which it tends to pucker, 

Actions.—The function of the sphincters is to keep the anal canal closed. 
They differ, inasmuch as the external, although mostly acting automatically, is 
under the control of the will and the internal is not. The levator ani has a more 
complicated and in part an apparently inconsistent action, since it may pull the anus 
upward and probably dilate it, as it pulls its borders apart under the resistance of 


=< 
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the descending faces, while at other times, by its antero-posterior fibres, it m= nay 
compress the sides of the gut. To the action of the levator is probably due mm the 
control of the faeces which sometimes persists after division of the sphincter, unle—=sess, 
indeed, the upper part of the latter has escaped. 

The Ischio-Rectal Fossa.—This space is a deep, roughly pyramidal hollo«—»ow, 
filled chiefly with fat, on either side of the rectum. The base is at the skin betwe—=2» -een 
the tuberosity of the ischium and the anus, bounded in front by the line of reflecti» a =aion 
of the deep perineal fascia and behind by the great sacro-sciatic ligament and t =aF _ the 
edge of the gluteus maximus. The base measures some 5 cm. (2 in.) from befc—» Bfore 
backward and half as much crosswise. The fossa is bounded externally by the tubes—«<—ber- 
osity of the ischium and above the latter by the obturator fascia, internally by t =a the 
external sphincter and the under surface of the levator ani. The space narro- «<—sows 
above to a line at the splitting of the pelvic fascia; hence it can only vaguely — be 
called pyramidal. The depth of the fossa is about 5 cm. (2 in. ). 


Fic. 1426. 
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The diaphragmatic fascia, the inward continuation of the pelvic fascia which 
covers the upper surface of the levator ani, reaches the side of the rectum as a 
of areolar tissue beneath the peritoneum, and is more or less closely attached to the 
gut, sometimes by muscular bands, as already stated. The systematic descript 4% 
of this fascia is given elsewhere (page 559). 

The rectal fascia is a dense layer of areolar tissue surrounding the rect #7™ 
below the reflection of the peritoneum, being continuous below with the preced# 28 
fascia. It is particularly dense behind the rectum, which it separates from © de 
sacrum and coceyx. 

The anal fascia is a web-like areolar sheet covering the under side of wre 
levator ani. 

A superficial fascia between the skin and the base of the ischio-rectal {os 
can be artificially dissected, but is of littke importance. 
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parates the rectum from the blader and the upper part of the 
in woman from the upper part of the vagina. ehialen 
fle of peritoneum—that is to say, the bottom of the pouch—from the ano- 
may be as little as 5 cm, (2 in,),as usually given; if, eee by the word 
reales practically the orifice of the gut, ie aches a 
7 em. (234 in.) in both sexes. If both bladder and rectum be distend 
is considerably raised; when the rectum is collapsed, iamorth ming ey 
testine or the sigmoid flexure. The 


recto-vesical in the male,although Fis. 1427. _ 
boca eel the bladder ler (Page 1905), 
be mentioned h hey are 


koned among the false li nts 
a the bladder, and tig catia 
pouch deseri extending 
backward = the bladder around 
the rectum to the sides of the sacrum, 
they tend to divide the cavity of the 
pelvis into an upper and a lower com- 
feces Their free edges are semi- 
lunar and sharp, and curve around 
the rectum above the ampulla, which 
they partially roof in. These liga- 
ments contain more or less fibrous 
tissue, In = female they are less 
developed, ough important, and, 
ae from the uterus instead of the 
are known as the sacro-wterine 


Blood-Vessels.—The arteries 

the rectum are derived 

a5 from the three hemorrhoidals. 

superior hemorrhoidal, the ter- Frontal section of wall of anal ca showing 
oc oar the inferior mesenteric hemorrhoidal veins" (orun) = “suslons of 
artery, divides opposite the sacrum, 

sometimes near the beginning of the rectum, sometimes higher, and even above the 
pelvis, into two branches, of which the right is the larger, that descend on either side 
of the rectum and give off smaller branches. A median posterior branch usually 
arises from the right one. The mucous membrane is supplied by these above the 
line. Vessels may be received also from the sacra media. The middle 
hemorrhoidal arteries, of uncertain origin and distribution, rarely give any consider- 
able supply to the gut. The inferior hemorrhoidals—two or three small branches 
from the internal pudic—supply chiefly the external sphincter, but also form a num- 
ber of fine anastomoses with the superior hemorrhoidal artery. The general dis- 
tribution of the vefxs is not very different from that of the arteries. @ superior 
hemorrhoidal veins, tributaries of the inferior mesenteric, drain into the portal system. 
They form a very rich plexus throughout the rectum, particularly in the upper and 
middle parts of the anal canal. In this situation they present a series of dilatations 
encircling the gut on the bases of the columns of Morgagni, just above the boundary 
line between the mucous and cutaneous areas ; this line also marks the parting of 
the ways between the superior and external hemorrhoidal veins. The latter form 
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it in position. It has often been part of the contents of right inguinal or femoral 
hernia, and has even been found in such herniz on the left side. 

The influence of gravity in retaining fecal masses and favoring concretion is 
illustrated by the fact that foreign bodies small enough to pass through the ileo-czecai 
valve are prone to remain in the cecum, where they have in many cases given rise 
to ulceration and perforation, followed by perityphlitis. 

With varying degrees of displacement or of distention of the caecum come 
changes in the tension of the ileo-colic vessels, and congestion—so often the first 
stage of serious pathological processes—is thereby favored. The close relation of 
the czcun, if distended even slightly, to the anterior abdominal wall and to the ilio- 
psoas muscle exposes it to frequent trauma. These relations explain why flexion of 
the thigh on the abdomen will empty a moderately distended caecum. 

Enormous distention sometimes occurs, so that the caecum may fill the larger 
part of the abdomen, and in nearly all cases of intestinal obstruction between the anus 
and the ascending colon the cecum shows the most marked evidence of the backward 
pressure, the ileo-czecal valve, although not absolutely complete, resisting, for a time 
at least, the participation of the ileum even in distention from gases. Manifestly, in 
uncomplicated cases of obstruction of the small intestine the caecum will be found 
flaccid or collapsed. 

The ileo-cecal valve is usually competent to prevent the return of fecal matter 
from the cecum into the ileum. Gas injected per rectum under pressure of from 
-7—1.02 kilos (134-214 lbs.) (Senn) may be made to enter the ileum, and has been 
used in detecting and localizing wounds of the sinall intestine and in the treatment 
of intussusception. Less force is necessary when the patient is anzesthetized, proba- 
bly because of the relaxation of both the abdominal muscles and the circular fibres 
of the valve itself. Fluids are arrested at the valve, although they may be made to 
pass it either by immediate force sufficient to lacerate the peritoneal attachments and 
covering or by slow increase of pressure until the distention of the cecum gradually 
overcomes the weak resistance of the circular muscular fibres in the segments of the 
valve and separates their margins. Organic or spasmodic narrowing of the ileo-czecal 
valve has been suggested as a possible cause of chronic constipation, and two cases 
have been operated upon by making a longitudinal incision through the valve and 
uniting its edges transversely, as in pyloroplasty (page 1633) (Mayo). 

Invagination of the ileum and the cecum into the colon is the most common 
form of intussusception (44 per cent. of all cases, Leichtenstern ; 89 cases out of 
103, Wiggin), and occurs most commonly (70 per cent. of all cases) in children. 
The ileo-czecal valve forms the summit or apex of the intussusceptum, and may pass 
through the entire colon (the intussuscipiens), reaching the rectum or anus.  Tleo- 
colic intussusception—in which the ileum passes through the valve, the caecum re- 
maining in place—is much rarer (8 per cent. of all cases). 

In acute cases, here as elsewhere in the intestinal tract, pressure on the mesen- 
tery produces consecutively venous congestion, cedema, swelling, obstruction or 
strangulation of the mesenteric vessels, and either leakage through the damaged in- 
testinal walls and septic peritonitis or actual perforation, rupture, or gangrene of the 
bowel. In chronic cases dense adhesions form between the peritoneal coats of the 
entering and returning layers of gut (Fig. 1405). The traction upon the mesentery 
narrows the lumen of the intussusceptum so as to prevent the passage through it of 
the contents of the intestine. 

In adults the sétuation of the ileo-czecal valve corresponds to a point on the wall 
of the abdomen from 3-5 cm. (1-2 in.) internal to and above the anterior superior 
spine of the ilium. 

The Vermiform Appendix.—On account of the frequency with which it is 
the seat of catarrhal or infectious disease, the appendix is of the greatest surgical 
interest. In addition to the description of its structure, position, and peritoneal 
relations already given (pages 1664, 1665), various important anatomical data 
relating to the causes, symptoms, results or complications, and treatment of 

pendiceal inflammations should be here considered, even at the risk of repetition. 

Ettology of Appendicitis.—1. The appendix is an apparently functionless organ, 
found only in man, in certain of the anthropoid apes, and in the wombat. An analo- 
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tive nerve-pain is apt to be referred to the peripheral extremities of nerves ; next and 

cone very short time felt in the umbilical region, because as such pain increases 

in i y its often refered to the nearest nervecentre, andthe grea sympathetic 

#f the abdomen are situated in proximity to that 

At this time the pain is often colicky in nature, and a di ion has arisen as to 

‘or not the circular muscular fibres in the appendix are of sufficient strength 

to. cause it. The question seems t, as appendix irritation may result in 

spasm of neighboring portions of either small or large intestine. The pain of 

the later stages of appendicitis may be partly due to peritoneal swelling causing 
daha the peritoneal attachments. 

enderness.—After a few hours the pain is felt in the right iliac fossa, 

feet has then become a neuritis of sufficient grade to cause fenderness on press- 

ure. It is /ocalized tenderness in all the varieties of appendicitis, because, while the 

itself is movable, it always arises from the same of the cascum, and 

mobility of the latter is more restricted. The point of pain on pressure indicates, 

with moderate accuracy, the base, not E the tip, of the a ix, and is 

cna absent even in gangrenous cases, because that portion of the appendix is 

oy the last to be affected by interference with the blood-supply. This point 

is where the omphalo-spinous line (drawn from the umbilicus to the anterior superior 

spine) meets the outer border of the rectus, or a point on that line from 5-7.5 
Bee -3 in. ) from the iliac spine (McBurney's point). In the majority of instances 
the base of the appendix lies beneath a le two inches in diameter, having this 
point as its centre. Its situation must obviously vary with that of the caecum, and 

undue diagnostic value has been placed upon tenderness at this precise position. 
The chief tenderness may be tother if the appendix is post-czcal in position, or close 
to Pi s ligament or to the median line, or best elicited by rectal touch if the 

lies j in the pelvis. 

Spun of the right rectus muscle, and later of the other abdominal muscles 
over he right iliac fossa, is often, but perhaps not necessarily, due to peritonitis, 
and in any event arises from the fact that those muscles receive their nerve-supply 

from the six lower intercostals, while the superior mesenteric plexus gets 
its contribution from the spinal system through the splanchnics, derived from some 
of the same intercostals. 

4. Vomiting commonly follows, has little relation to gastric conditions, is ordi- 
narily reflex and due to reversed peristalsis, and is apt to be associated with moderate 
fever and slightly increased pulse-rate due to autotoxzemia. 

Other and later symptoms are mentioned in the next section. 
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Results and Complications of Appendicitis.—A cursory review of the anatomie = arch 
relations of the appendix, considered in conjunction with the pathological variets = —20N& 
of appendicitis, will explain the varying results of this disease. The appendix 2= x 
entirely intraperitoneal in its situation and becomes primarily the focus of intraperit® = —=n\o- 
neal lesions, although in certain cases (zde infra), from pathological changes, it arm == and 
the associated exudate or abscess may be cither practically or really extraperitones==» seal. 
That focus may be isolated by adhesions between the peritoneal coverings of tf » the 
neighboring structures—the coils of small intestine, the caecum or colon, the pariets B=» mete 
—or may become the starting-point of a general septic peritonitis. In the former ca: ==> cas 
the usual local symptoms of inflammation or of abscess will follow according to the bf == be 
havior of the exudate, which may remain plastic or may liquefy and become purulena x -_> Jent, 
In the latter case, to the above-mentioned symptoms—which are much intensified.s  - Mf. as 
a rule—are added general rigidity from involvement of larger areas of the abdomin a7 & 4inal 
wall, distention and tympany from paresis of the small intestine (page 1756), and fro <»—=rom 
the same cause obstinate vomiting and more or less complete intestinal obstructior <=» ion, 

The acuteness of the attack, the presence or absence of gross perforation or 
gangrene, and the anatomical position of the individual appendix will often determirm & sine 
the localization or diffusion of the septic infection. 

The usual anatomical situations of appendix abscess may be summarized as foc>» @ol- 
lows. (1) Anterior, the cecum forming the posterior wall, agglutinated coils » of 
intestines the inner wall, and—after the abscess has attained some size—the pariew = tal 
peritoneum the anterior wall. (2) Posterior, the hinder surface of the cecum =—um 
forming the anterior wall, especially if the appendix is post-caecal in position, or if “la 
septic lymphangitis has extended backward between the layers of the meso-appendi»= = !X. 
Such an abscess is extraperitoneal, and may originate in an appendix which, it 8 
believed by some, was aé initio either wholly or partly extraperitoneal (4 per cent. a at. 
Bryant), or, as seems more probable, had become so through pathological cause 
(38 per cent., Ferguson, page 1666). The abscess is limited by the fascia transver => ef 
salis anteriorly and the fascia iliaca posteriorly, and by their fusion at Poupart’s lige= SSB" 
ment inferiorly, although rarely it may follow the femoral vessels downward ana = #8" 
appear on the thigh, or may perforate the parietes above the outer third of Poupart™ amt 
ligament, or may make its way into the peritoneal cavity, or into the pelvis, escapina# £ane 
through the obturator or the sacro-sciatic foramen. It may ascend (following som» «= =ane” 
times the retro-colic fossa, page 1667) to the perinephric or even to the subphren¥ aaa 
region. (3) /imner, the inner surface of the colon and caecum and the mesocoloe> B10" 
bounding it postero-externally and adherent coils of small intestine antero-internall}e ¥ Lally 
If the parietal peritoneum does not form part of the anterior wall of such an a#a= 2 
scess, the general peritoneal cavity must be traversed in reaching and evacuatina® #¥ at" 
it. (4) /nferior, the abscess occupying part of the pelvic cavity with agglutinates> » #=at* 
intestinal coils bounding it superiorly. 

All these abscesses may perforate into the cavity of the peritoneum, but spont=> went 
neous opening into the czcum, colon, rectum, small intestine, bladder, or on the sum £5 == Su 
face of the body has frequently occurred ( Finkelstein, quoted by Mynter). The various <> £10 
symptoms which may result from the propinquity of the abscess to other structures ages 
should be worked out anatomically, —e.g., (1) wdema of the abdominal wall over 
abscess ; (2) flevion of the thigh, extension of which is painful from involvemen= > #10" 
of the ilio-psoas ; or marked lumbar tenderness (perinephric) ; or immobility of thei s i 
right lower thorax (subphrenic) ; (3) fvapany over an ill-defined swelling, from ins * * 4 
terposition of coils of small intestine between the abscess and the parietes (although wer 
this may be simulated by the escape of intestinal gases through a gross perforatiors <<” ¥ 7°" 
into the cavity of an abscess of any type): or (4) vesica/ or rectal irritation. peal 

Anatomical Points relating to the Treatment of clppendicitis.—The medical #75 
treatment of this disease is of anatomical interest only in its relation to the possibility-# > “é 
of removing the mechanical causes and favoring cither resolution or localizing adhe- — 7 1 
sions. Opium for the purpose of lessening peristalsis and thus permitting omental te 
and intestinal adhesions to wall off the appendix has. still some advocates, especially oe: 
when combined with gastric lavage and exclusive rectal alimentation (Ochsner). ; 
But the received views as to ctiology (/de supra) and clinical experience are both 
overwhelmingly in favor of purgation and starvation as preventing or removing the 
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oo Scop ta the ascending colon, the left half of the transverse colon, and 
yof the sigmoid curve'lavor the p roduction of this condition. 
=> nth is more common in the large intestine than in the smal. ‘Tt may be 





reine and follow dysenteric ulceration in the rectum, sigmoid, or 
or stercoral ulceration in-the ileo-czcal region ; or syphilitic or 
—Suberculous ulceration in the rectum ; or (6) mali; most common as we ap- 
Peach the termination of the intestinal tract, so , sigmoid, descending 
flexure, splenic flexure, transverse creche cecum, and prgeeres, Shao 
ea hs the clinical order of frequency. The intimate relation of the hepatic 
lexure to the gall-bladder subjects it to various forms of irritation, which peaey 
account for its relative susceptibility to malignant disease as 


“transverse colon ; while the mechanical conditions present in the cecum press 7680) 
= sf tly have : a similar effect upon it, making it more frequently the seat of car- 


an is the ascending colon. 
t disease, in addition to producing stricture and obstruction, may ex- 
tend into and involve any of the neigh viscera. 


(3) Voloulus, in its usual form, is a twist of a portion of the bowel upon an axis 
passing transversely through the affected segment of gutand its mesentery. Inmore 
than two-thirds of all cases of volvulus the sigmoid loop is the part involved. The 
usual cause is habitual constipation. The gut, becoming paretic from continued of 
tention, hangs over a the pelvis and drags upon and | lengthens the a 
Irregular contraction of the muscular layer of the gut in the effort to rid itself of the 
fecal mass, or accumulation of faeces in one segment of the loop, so that it falls over 
and descends below the other and less distended segment, may then cause the twist. 
The immediate result is stoppage of the fecal current from the pressure of the two 
ends of a loop on each tl er, and intense congestion of the whole loop from ob- 
Struction of the mesenteric vessels. Meteorism develops early and becomes exces- 
sive as the entire intestinal tract is sooner or later involved in the distention, Vom- 

appears late and is not very marked. The difference in this respect between a 
volvulus of the sigmoid and an acute appendicitis (in which vomiting is often an early 
and significant symptom) may be due to the fact that the nerve-supply of the former 
is from the inferior mesenteric plexus, communicating directly with the aortic plexus 
and only indirectly with the adi plexus. The region of the caecum and appendix, 
like the small intestine, is supplied by the superior mesenteric plexus, having rela- 
tion especially and directly to the solar plexus and to the right pneumogastric. In 
volvulus of the small intestine vomiting is an early and persistent symptom. As well 
known, for mechanical reasons and because of the greater fluidity of the intestinal 
contents, vomiting is more apt to occur early and to be marked the higher the site 

of an intestinal obstruction. 

The other forms of obstruction involving the large intestine—foreign bodies, 
wet peritonitis, etc.—have no especial anatomical significance. Intussusception 

has already been mentioned. Hernia will be described later. 

The refations of the large intestine should be carefully studied (Fig. 1383) in 
order to understand how (#) a renal, perinephric, or spinal abscess, or malignant 
neoplasin of the kidney may open into, obstruct, or involve either the ascending or de- 
scending colon; (é) a suppurating gall-bladder or an abscess of the liver may evacuate 
into the beginning of the transverse colon; (c) a gastro-colic fistula may become es- 
tablished in cases of gastric ulcer involving the greater curvature; (¢@) an aneurism 


bens 5 
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of the abdominal aorta may burst into the gut, the blood passing between the layemm: = 3S 
of the transverse mesocolon ; (¢) an iliac abscess may discharge into the cecum C—=»<OrT 
sigmoid flexure ; (/) the latter may by ulceration communicate with the bladder c—» «or 
vagina ; (g) or may, in chronic fecal distention, produce left-sided varicocele (th «iilrre 
more frequent) by pressure on the left spermatic vein. 

The angulation at the junction of the lower end of the sigmoid flexure with th «i The 
first part of the rectum, caused by the greater mobility of the former and its descent bz <Iby 
gravitation to a lower level, often constitutes an obstacle to the passage of a bougieoa—» OF 
tube, or sometimes even of liquids, into the sigmoid. In various examinations and im in 
washing out the colon it is therefore frequently desirable to put the patient in the knee=>="*- 
chest posture, which often, by gravity, lessens or removes this cause of obstruction. - <= ©”. 

Usually a tube cannot be passed completely through the sigmoid flexure, bu x» <iwt 
often carries the latter with it by engaging in a sacculus or a fold of mucous mem «== =™ 
brane. The tip of the instrument may be felt through the abdominal wall at a poin «= #<0t 
at or beyond the mid-line, which may lead to the mistaken belief that it has enterec> —>—Ered 
the colon. Exceptionally it is possible to make it do so, the passage of the tube<S ab 
being facilitated by the injection through it, as it advances, of an oily liquid in suf- kas oul 
ficient quantity to distend as well as lubricate the sigmoid curve. = 

Wounds of the large intestine are less dangerous than those of any other portion <> #10: 
of the intestinal tract because (a) the lessened fluidity of the intestinal contents dimin— «= ain 
ishes the risk of fecal extravasation, and (4) if the wound passes through the lumbara a=aba 
parietes and involves only the posterior wall of the gut, the opening may be entirely-¢ £= el 
extraperitoneal. According to Treves, a mesocolon is found in connection with 3 =! 
the ascending colon approximately once in four times, and with the descending colone® olor 
once in three and one-half times. In 75 cases out of 100, therefore, such a woundk> «= nc 
of the colon would be attended by a minimum of danger. 

In operations on the large intestine it may be identified by (a) the longitudinal <=<™l 
bands, especially the anterior and inncr, the posterior being uncovered by peritoneum a= #™ 
and therefore less conspicuous, and being placed along the attached border of the=> fc 
ascending and the descending: colon ; (4) the epiploic appendages found more abun- — «<™=9- 
dantly along the inner band and on the transverse colon ; (¢) its sacculi which may be 
seen, and its fecal concretions which may often be felt ; and in addition, as compared &>—d 
with the small intestine, (@) its lesser mobility, greater diameter, and the absence = 
of the palpable transverse ridges of the valvulz conniventes. It should be remem- — #7 
bered that when it is greatly distended the longitudinal bands and sacculi are almost sat 
or quite obliterated, and that the epiploic appendages—peritoneal pouches filled with at 
fat—are absent on the posterior aspect of the gut and in the rectum. 

Colostomy.—(a) Lumbar.—It the descending colon is opened through the loin, 
it should be through an incision following the oblique supra-iliac crease. The course x 
of the gut corresponds to a vertical line 12 mm. (% in.) external to the centre of 
the crest of the ilium. The incision crosses this at its middle, therefore a little below 
the kidney or on a Jevel with its lower cdge, and divides the posterior fibres of the 
external oblique, the anterior ones of the latissimus dorsi and those of the internal 
oblique, the lumbar fascia, the posterior fibres of the transversalis muscle, and the 
transversalis fascia. At this level the descending colon lies in the angle between the 
psoas and quadratus lumborum muscles. In the absence of a mesocolon (64 per 
cent. ) the operation should be extraperitoneal. 

(6) /nguinal.—An incision similar to that often employed in appendix cases 
and largely intermuscular may be made, its centre being 4 cm. (about 1% in.) from 
the left anterior superior spine ona line from that point to the umbilicus. The sig- 
moid flexure, the portion of gut to be opened, may be recognized by the tzeniz, the 
sacculi, the appendayes, ete. 

The various operations to effect axastomosts between portions of intestine above 
and below occluded, diseased, or gangrenous areas depend for their success in many 
instances upon the mobility of the intestine and therefore upon the existence and the 
length of a mesocolon. 

In colectomy, or complete resection of a portion of the large intestine, the usual 
care as to the vascular supply of the retained gut, the inversion of its edges, and the 
approximation of serous surfaces must be exercised. 
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PRACTICAL CONSIDERATIONS: THE LARGE INTESTINE. 1693 


give a sensation of a broad muscular band around the bowel’”’ (Cripps). This is 
more distinct posteriorly and represents the posterior edge of the levator ani. It is 
from 134-2 in. from the anus. A patulous condition of the anus or a cavernous or 
‘*ballooned’’ condition of the rectum should suggest stricture, the muscles below 
which, having no function to perform, become enlarged and yielding. An excep- 
tionally tight grip of the finger, with marked tenderness, should suggest fissure. 

If the patient is asked to strain, a slightly increased area of bowel will be made 
accessible to examination by the finger, but, except anteriorly, the finger cannot, as 
a rule, reach beyond the portions uncovered by peritoneum. The upward distance 
thus made palpable is on the average from 3-4 in. The distance from the anus to 
the recto-vesical pouch, when the bladder and rectum are empty, is about 2% in.; 
when they are distended, it is about 3% in. Growths in the sigmoid often descend 
so that they may be felt through the rectal wall with the finger. 

Anteriorly, from 114-2 in. from the anus, the prostate may be felt in the male. 
Between its apex and the anus the membranous urethra is accessible to digital 
examination and can be distinctly outlined when a catheter or sound occupies it. 
Posterior to the prostate there may be felt the triangular area of the base of the 
bladder, which is closely held to the rectum by dense connective tissue, and the sides 
of which are formed by the seminal vesicles, the base by the edge of the recto- 
vesical peritoneal pouch. It is through this triangle, and as near its apex—v.e., the 
prostate—as possible, that the bladder is tapped per rectum, and it may be noted in 
connection with what has already been said as to the lack of sensibility in the upper 
rectum, that the operation—now rarely performed—is almost painless. The seminal 
vesicles, and in some cases a portion of the vas deferens, can be felt above the pros- 
tate and at the sides, especially if diseased. Their relations to the rectum explain 
the spurious cases of spermatorrhcea in which, during defecation, their contents are 

ueezed into the urethra by the descending fecal masses, exciting the apprehension 
of the patient, usually a young neurasthenic. 

In children the bladder may be examined to its bas-fond, and, even if not dis- 
tended, may be felt by bimanual palpation, one hand being above the pubes. 

The back of the pubic bones and symphysis and the obturator foramina may also 
be reached anteriorly. 

In females the recto-vaginal walls and the os uteri may be felt anteriorly and the 
broad ligaments and (in some cases of disease) the ovaries laterally. Laterally also, 
in both sexes, the inner aspect of the ischial tuberosities and part of the rami may be 
felt, as well as the inner walls of the ischio-rectal fossa, which will be soft and yielding 
under normal conditions, and tense, tender, and bulging if an abscess occupies the 
ischio-rectal space. 

The pulsations of some of the hemorrhoidal arteries may often be felt, and one 
or more of Houston’s folds and the lower portion of the columns of Morgagni and 
the ‘‘valves’’ of the same name recognized. Posteriorly the front of the coccyx 
and the sacro-coccygeal junction can be reached. 

(4) By inspection, with the aid of various specula, and with reflected or electric 
light, ulcers, polyps, or other new growths, the internal openings of fistulous tracts, 
hemorrhoids, fissure, and other pathological conditions may be seen. By placing 
the patient in the ‘‘knee-chest position’’ the intestines gravitate towards the dia- 
phragm, the recto-vesical and recto-vaginal pouches are emptied, downward pressure 
upon the sigmoid and rectum is removed, the latter has room to dilate upon the 
admission of air, and inspection is thus facilitated. 

(c) By dougies stricture may be recognized, but care must be taken that ob- 
struction due to contact with one of the so-called ‘' valves''—Houston's folds—is 
not mistaken for a contraction. It should be remembered, too, that the sigmoid is 
quite movable, and that the demonstration by touch of the presence of the end of the 
bougie close to the abdominal wall, even if it is also near the median line, does not 
prove that it has passed into the colon. It may have carried the sigmoid with it. 

(d) By the whol: hand introduced into the bowel there may be felt (in addition 
to the structures mentioned in @) (1) the spines of the ischium ; (2) the curve and 

montory of the sacrum ; (3) the outlines of the greater and lesser sacro-ischiatic 
joramina ; (4) the external iliac artery from the brim of the pelvis to the crural 
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arch ; (5) the internal iliac artery through most of its course ; (6) in the female tome _— the 
uterus and the ovaries. If the hand will enter the sigmoid flexure, most of the abdE>><cxlo- 
men may be explored. 

Examination through the rectum by this method is distinctly dangerous fraca>—arom 
the risk of laceration of the gut. It is therefore not in much favor. 


DEVELOPMENT OF THE ALIMENTARY TRACT. 


Reference to the cross-section of a young mammalian embryo (Fig. 1428) show-<cws 
the early relation between the primitive gut and the yolk-sac, of which latter i =m the 
former is evidently a part. The longitudinal section of a very young human embry——ar-yo 
(Fig. 46, page 39) emphasizes the wide communication between the two. TE — — he 
differentiation of the gut from the yolk-sac is accomplished by the approximation» =i<on 
and union of the two splanchnopleuric folds which consist of the entoblast internall HE . My. 
continuous with that of the yolk-sac, and the visceral layer of the mesoblast exte==»<amer- 
nally. As the union of the splanchnopleure proceeds, the gut-tube becomes Closed 
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Transverse section of early rabbit embryo, showing differentiating gut-tube still communicating with vitelline 
sac. X Bo. 
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throughout its cephalic and caudal segments, between which, however, it remain > gs 


open and connected with the yolk-sac by a communication that rapidly narrows and” <=. 
elongates into the vitelline or umbilical duct, a structure that for a considerable time=—” 4 


remains as a canal bearing the diminishing yolk-sac or umbilical vesicle at its outer s— 
end. The primitive digestive tract, therefore, is closed both anteriorly and pos- — iy 
teriorly, and soon may be divided into three segments : the fore-, mid-, and hind-gal. = gg 
Formation of the Mouth.—The cephalic segment, the fore-gut, is somewhat s - 
dilated at its anterior extremity, and there constitutes the primitive pharynx, which at 4 
first is separated from a bay-like depression, the oval recess (stomod@um), which —_ 
meanwhile has been formed by the downward flexure of the anterior cerebral vesicle Ss 
and the development of the visceral arches. The septum between the fore-gut and 4 


the oral recess, the pharvnycal membrane (Fig. 1429), consists of the directly apposed 
entoblast lining the primitive pharynx and the ectoblast continued from the surface, 
no mesoblast intervening. The pharyngeal membrane very early (probably about 
the thirteenth or fourteenth day in man) becomes broken up by the formation of 


holes and soon disappears, the primitive oral and pharyngeal spaces thereafter freely 
communicating. 
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intestinal tube and its mesentery. Within the mesogastrium course the three 
branches of the cceliac axis ; the superior mesenteric artery passes within the meser-—=amm-- 
tery between the limbs of the intestinal loop, while the inferior mesenteric artery & is 
distributed to the last part of the intestinal tube. 

The subsequent changes which the intestinal tube exhibits during its growth hayv— meme 


been carefully studied in reconstructions by Mall,’ whose conclusions differ materiall sr lv 
from the prevailing views. According to this investigator, the rapidly augmenting ac—- - 4p 
liver-mass occupies so large a portion of the still small abdominal cavity that there = is 
no space left for the expansion of the intestinal tube. In consequence of this coma. n- 


dition the greater part of the gut is early displaced from the abdominal cavity int=ar = to 
the ccelom within the umbilical cord, the upper limb of the U-loop then lying to the—i—alihe 
right and the lower to the left. The growth of the small intestine—more rapid thass==——=an 


that of the large—soon results in the production of six primary coils, the identity = of 
which is retained not only throughout development, but can be established even & in 
the adult (Mall). The first part of the gut-tube, continuous with the stomach anr-—smmcnd 
receiving the ducts of the liver and the pancreas, increases relatively little in iz its 


Fic. 1432. 
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length, and therefore does not become secondarily convoluted, as do the remaining == _g" 
coils of the small intestine. This part is later represented by the duodenum. The = = 
outer primary coils undergo great clongation, and consequently present secondary —“— 
convolutions of increasing complexity, all of which for a considerable time (until the 
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embryo has attained a length of about 30 mm.) are retained within the umbilical a* x 
celom. About this period the lower part of the body grows rapidly, resulting in = -_- 
increased space within the peritoneal cavity, which now affords room for the tempo- — y 3 
rarily displaced gut-coils. In consequence of these changes the intestine returns to “os Fy 
the abdominal cavity, and in embryos of 40 mm. length the coils no longer lie within an 
the umbilical cord. Mall has shown that their return to the abdominal cavity occurs —s 
in a definite order, the upper part of the small intestine being first withdrawn, the — 


large intestine with its cacal dilatation last. On re-entering the abdomen the upper 
part of the small gut passes to the left hypochondriac region, while the lower segment 
of the small intestine with the cecum takes up a position towards the right hypo- 
chondriac region. Coincident with this migration the large intestine is differentiated 
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sending and a transverse colon, the former being the upper part of the vertical 
ie original dorsal flexure lying below the stomach. This flexure indicates 
yn between the descending and transverse colon, since the latter corresponds 
rment in front of the bend. Once back in the peritoneal cavity, the loops, 
which collectively lay in the sagittal 

Fic. 1433. plane of the cord, are arranged gen- 

erally at right angles to the long axis 
of the body, and the antero-posterior 
colon becomes transverse (Mall'). In 
consequence of these changes the por- 
tion of the large gut that lay within the 
cord now lies obliquely across the ab- 
domen in front of the duodenum, the 
remaining coils of the small intestine 
being placed below. The caecum, 
therefore, occupies a position beneath 
the liver, on the right side, as a slight 
dilatation at the beginning of the 
transverse colon. The cwecum, while 


uction of intestinal tube and part of liver of gradually” increasing, retains this gen- 
yoof 17mm, vertex-breech length. (Sameem- eral position until adjustment in the 
resented Mra as) eR: hepatic veins Ce length of the segments of the large 
Hen OW on iene corres and in the to intestine takes place shortly after birth. 
ing gastro-duodenal junction. x12. (Mail.) The lower part of the large gut is 

thrown into a loop extending across. 
ninal cavity, which becomes the sigmoid flexure, the latter at birth including 
ie-half of the entire length of the colon. After the fourth month after birth, 
oid flexure becomes shorter and the other parts of the colon proportion- 
ger, in consequence of which the cecum is pushed downward towards the 
: fossa, with corresponding lengthening of the ascending colon. These por- 
the large intestine, however, continue to grow for some time after birth, 
not until the third year that they acquire their definitive relations. 
anomalous arrangement and position of the transverse and ascending colon 
vecum, not infrequently observed in the adult, are usually dependent upon 
development, the large intestine failing to take up a transverse and superior 
and hence altering its relations with the small intestine. 





Fic. 1434. Fic. 1435. 





faction. of intestinal coils of human embryo Reconstruction of intestinal coils of human embryo of 
vertex-breech length. Arrow indicates po- 80 mm. vertex-breech length. x 2. (Afadl.) 
amen of Winslow. <3. (.Mad/.) 


cecum, which first appears as a slight lateral diverticulum from the larger 
mb of the primary U-loop of the gut-tube (Fig. 1432), increases in size until 
a conical pouch, joining the colon where the latter receives the small in- 
The growth of all parts of the cecum, however, is not uniform, since its 
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dependent terminal portion does not keep pace with that nearest the intestine. THE ‘The 
apical segment of the caecum remains proportionately small, and persists as the v- _—Ver- 
miform appendix. The latter, therefore, corresponds to the unexpanded morpM < ypho- 
logical termination of the caecum. This relation is evident at birth, when the appenw «7m -ndix 
forms the direct continuation of the funnel-shaped ca#cum ; it is exceptionally Ts Te. 
tained in the adult as the foetal type of caecum occasionally observed. Usually » "the 
czcum continues to expand with the colon, the demarcation of the appendix i be- 
coming progressively more emphasized, until the relative size of the two tubes co <>» ~om- 
monly seen ts established. The usual displacement of the appendix, so that it ari= # wise 
from the left and posterior wall of the cecum, results from the later unequal expansit =—=sion 
se the right side of the latter, whereby the origin of the appendix is pushed to ms — the 
elt. 

Differentiation of the walls of the intestinal tube begins early in the third morm« mth 
by the formation of longitudinal folds, at first in the upper part, later the ent crire 
length of the small intestine. These folds increase in number and size, and sube——=—* 
quently break up transversely into areas from which the villi are formed. The lat~ =e 
first appear in the upper part of the small intestine in embryos of about 30 mz: _ 3" 
in length (Berry'), and gradually extend to the lower segments, the villi bei _# ak 
present throughout the small intestine in embryos of about 10 cm. in length. V a 
also exist temporarily in the large intestine, but later undergo absorption, so ae 
shortly after birth they have completely disappeared, while those within the sm * 
intestine have greatly increased in numbers and size. Early in the fourth montht == ed 

intestinal glands appear in the upper part of the tube as minute diverticula clothe= 
with extensions of the entoblastic lining of the gut. The glands of Brunner develas= 
somewhat later during the Same month as outgrowths of the entoblast. During tE -  ay 
fourth month the mesoblastic stratum, from which arise all parts of the intestinal wo= 24 ie 
except the epithelial elements of the mucosa and the glands, undergoes differenti = is 
tion into the muscular and areolar layers ; by the close of the fifth month all com 
of the intestine are well defined. 7 
Differentiation of the Body-Cavity.—Owing to the precocious develog =—_— 
ment of the mammalian heart, the latter organ is formed by the approximation ar an 
fusion of two lateral anlages, at first widely separated, in consequence of which unic—>> gis 
the upper part of the ventral body-wall is closed, while the more caudally situated 
still incomplete, the gut-tube being but imperfectly separated from the yolk-sae te- 
With the more advanced closure of the ventral body-wall the abdominal cavity is de 3 a 
fined. The primary ccelom, according to His, may be divided, therefore, into == 
——- 
upper and a lower portion, the pariefa/ and the trunk-cavity respectively. These space> i 
communicate on either side by an extension of the parietal cavity, the parietal rece-— ———— é 
of His. The ventral portion of the parictal cavity, which from its earliest appea = 
ance contains the heart, becomes the pericardial cavity, and is, therefore, appropr7==® —. ca 
ately named the pericardial cwlom (Mall*). The upper part of the parietal recess == 
since it later contains the lung and forms the greater portion of the surroundins—* me 
lung-sac, may similarly be designated the p/eura/ cafom. For a time the separatiox = 
between the pericardial and pleural cocloms is imperfect, owing to the incompletene2=—= = 
of the postero-lateral walls of the heart-sac. This deficiency is corrected by the = 
growth and differentiation of the pu/monary ridge (Mall), a Structure that extené > 
from the liver along the dorsal wall of the duct of Cuvier to the dorsal attachment «> “a 
the early fold suspending the heart, or mesocardium, Mall has shown that the pul et =! 
monary ridge grows headward as the pleuro-pertcardial membrane, which complete” “law 
the separation between the heart- and lung-sacs, and later tailward to form the p/exra=—> 2 
peritoneal membrane, which subsequently aids in closing the communication betweess 
the pleural and peritoneal cavities, ae 
At first, immediately below the young heart lies the wall of the wide yolk-stalk. 
embedded within the mesoblastic tissue of which the two large vitelline veins pass ii 
their course towards the lower end of the heart. With the formation of the body— 
wall and the narrowing of the yolk-stalk, the enlarged vitelline veins, in their journey~ ~~ 
towards the heart, produce a broad fold which projects horizontally into the body-—— 
Tt Anatom, Anzeiger, Bd. xvii, rgoo. 
7 Tohns Hopkins Hospital Bulletin, vol. xii. 
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meath being attached dorsally to the gut-tube, while Ea ieat tetecttane 
form the floor of the pleural celom. This imp partition, the septum trans- 
_wersum of His, also affords passage for the two of Cuvier, formed on each side 
| By the union of the primitive jugular and cardinal veins, to gain the sinus venosus ; 
tt tum transversum receives the hepatic outgrowth from the primitive duodenum, 
cwhich soon a conspicuous liver-mass within the substance of the septum. 
‘The rapid increase in the mass of the developing liver is attended by great thicken- 
Sot Sie Se transversum, particularly towards its dorsal edge, Coincide 
with this augmentation, the septum differentiates into a thinner upper and a thicker 
Tower stratum, the former constituting the floor of the pericardial cavity and sur- 
_ rounding the ducts of Cuvier, the latter enclosing the liver. 






Fic. 1436. 
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Reconstruction of human embryo of 17 mm. vertex-breech length. X 14. (Mail) 


The subsequent development of the liver is attended by progressive, although 
only partial, separation of the inferior layer from the superior stratum of the sents 
transversum, ce latter layer remaining as the primitive, but still im , dia- 
phragm between the pleuro-pericardial and peritoneal divisions of the -cavity. 

ie dorsal attachment of the septum transversum, at first high in the cervical region, 
pauls recedes tailward, On reaching the level of the fourth cervical segment the 
urth myotome is prolonged into the upper layer of the septum to supply muscular 
tissue to what now becomes the diaphragm. The latter, however, is still Incomplete 
dorsally, owing to the existence on each side of the communication between the pul- 
monary and peritoneal sacs. This opening is gradually closed by the backward 
growth of the diaphragm and the forward and downward extension of the pleuro- 
peritoneal membrane until the aperture between the thoracic and abdominal cavities 
is effaced and the diaphragm is complete. 
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In general, the serous membranes lining the pleural and peritoneal cceloms rep- 
resent the specialized mesoblastic layer forming the immediate boundary of these 
cavities. The peritoneum, therefore, covering the lower surface of the diaphragm 
and certain surfaces of the liver is derived from those portions of the septum trans- 
versum that constitute the upper and lower walls of the hepatic recesses which are 
instrumental in freeing the liver from its primary position within the septum. The 
separation of the liver from the diaphragm is incomplete not only above, as already 
noted, but also behind ; consequently the greater part of the posterior surface of the 
organ remains attached to the posterior body-wall by areolar tissue and is non-peri- 
toneal, the remains of the peripheral portion of the lower layer of the septum trans- 
versum, which becomes the peritoneum of the liver, being reflected at the sides 
backward as the coronary ligaments. 

Coincidently with the development of the liver and its liberation from the sep- 
tum transversum, the stomach undergoes change in its axis, which becomes less vertical 
and more obliquely transverse, and in consequence its attachment to the liver, 
the primitive gastro-hepatic omentum, is drawn towards the right and assumes a 
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Transverse section of rabbit embryo of eleven and a half days, showing primitive mesentery. x 35. 


transverse position almost at right angles to its former sagittal plane. These altera- 
tions in the position of the stomach and its anterior mesentery affect the mesogas- 
trium, which becomes elongated and twisted towards the right to follow the stomach 
in order to maintain its attachments to the greater curvature. The result of these 
changes is the production of a pocket behind the stomach, the floor and left wall of 
which are the mesogastrium, the roof being the under surface of the liver. This 
pocket, the /esser sac of the peritoncum, communicates with the remaining part of 
the peritoneal cavity on the right by means of a passage behind the displaced lesser 
or gastro-hepatic omentum, the free border of the latter bounding the opening lead- 
ing into the passage or zestibule (page 1749). The opening, at first large, later 
diminishes in size and becomes the foramen of Winslow, which leads from the 
greater peritoneal sac into the vestibule of the lesser. 

Beneath the stomach very soon appears an extension of the pocket, which 
pushes out between the stomach above and the transverse colon below. This protru- 
sion, the omenta/ sac, continues to grow downward and forms an apron which later, 
as the greater omentum, covers the loops of the small intestine. On referring to 
Fig. 1439, it is evident that the yreater omentum at first comprises a duplicature the 
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anterior and the posterior fold of which each consists of two serous surfaces enclosi =x _g, 
a thin stratum of intervening tissue ; there are, therefore, four serous layers include «=d 
within the original omental curtain. Tracing the posterior fold of the latter upwac—— «cl. 
it is seen to pass over the transverse colon and the mesocolon, without attachmesmammat, 
to reach the posterior body-wall. On gaining the latter, the anterior or inner seroma» Ws 
layer may be followed in front of the pancreas as the posterior wall of the les===er 
peritoneal sac, being continued over the under surface of the liver. The outer or 
posterior serous layer passes behind the pancreas to reach the body-wall, from whi- aa <h 
it is reflected to become continuous with the upper layer of the transverse nes 
colon. For a time these original foetal relations persist, the greater omentum beim 2 18 
unattached to and removable from the transverse colon and its mesentery. Later ti = 
separation is no longer possible, since the posterior layer of the greater omentum ams. — ™™ a 
the transverse mesocolon and colon become fused, the intervening serous surfaces amr — ia - 
space being obliterated in consequence. Thereafter the peritoneal layers of KK == 
greater omentum are attached to and apparently enclose the large gut, one passirmm™ - a8 
as the upper, the other as the lower serous layer of the transverse mesocolon.  - <0 
consequence of these fusions the serous surfaces originally behind the pancreas al= <—=* 
disappear, and the gland thenceforth assumes its permanent, although secondar— cae 
retroperitoneal relation. Subsequently the originally distinct folds constituting t- —— .. 
greater omentum fuse, and after birth usually appear as a single sheet attached abows mere 
to the greater curvature of the stomach and behind and below to the transverse colors “© ~~", 
The excessive volume of the right half of the liver not only induces the ol —r,. 
liquity and rotation of the stomach, but likewise influences the disposition of the ir oy 
testinal coils on their return from the umbilical ccelom into the peritoneal cavity = in 
The duodenal segment necessarily follows the migration of the pylorus ; its begins = a ats 
ning, therefore, lies to the right, while the lower end passes to the left with th << aw 
jejunum. Since the most available space within the abdomen, to the left and below FS 
is appropriated by the coils of the small intestine which first return to the peritoneas=——_. 
cavity, the most movable portion of the elongating large intestine, the transverse =a 
colon, is displaced upward and assumes an obliquely transverse position beneath the & 1 
stomach and liver, above the rapidly increasing volume of the coils of the small gut. SF _" 
The latter tend to displace the descending, later also the ascending, colon later- —™_ . 
ally and backward. In consequence of these influences and changes the transverse | 
colon crosses and lies in front of the duodenum, which is thus pushed against thes_* 
abdominal wall. The serous investment of the duodenum undergoes obliterationx 
where such contact is maintained, and later occurs chiefly on the anterior surface o& 
this part of the put (Fig. 1403). 4 
Reference to the original relation of the primitive mesentery (Fig. 1432) in—— =—, 
cluded between the limits of the U-loop shows the principal dorsal attachment of the 7 
mesentery to be the comparatively limited area along the body-wall opposite the um- —— = 
bilical loop. The intestinal margin of the mesentery, on the contrary, rapidly expands <= a 
to keep pace with the increasing length of the gut-coils, the result being that the = 
mesentery attached to the upper—soon right—limb of the umbilical loop assumes a. =3 
more and more the form of a ruffle, towards the edge of which ramify the branches a 


of the superior mesenteric artery supplying the small intestine, —the later vasa intes- —_- 
tini tenuis. The branches distributed to the left or colic limb of the U-loop pass to ws 
the large gut through a mesentery only slightly wavy. When the arrangement of =: 
the intestinal coils takes place, the small gut oceupying the left and lower parts = 
of the peritoneal cavity and the large intestine being reflected upward and across the =s 
duodenum, twisting or ‘rotation’’ takes place around a fixed point marking the =. 
duodeno-jejunal junction. This location also corresponds in general to the early = 


position of the superior mesenteric artery, the relations of the branches of which are 
also affected by the rotation of the mesentery, since thereafter the vessels passing to 
the coils of the small intestine lie on the left and those to the large gut on the 
right side, —the opposite of their original situation. 

On assuming its position in front of the duodenum, the attachment of the trans- 
verse colon is at first a limited sagittal one. With the backward displacement of the 
duodenum, the mesentery of the transverse colon also comes into relation with the 
posterior parictal peritoneum and acquires a secondary attachment extending cross- 
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while its duct and glandular elements are derived from a sprout from the duodenur=™ = * 
hence the liver, as are other glands connected with the digestive tract, is an onm “* 
growth and appendage of the alimentary tube. Its peculiar shape is chiefly due —=8° 
the pressure of surrounding organs, as its tissue is so plastic that it is moulded SY 
them. In the adult it becomes firmer from the increase of connective tissue, b= an 
under normal circumstances it is always very soft, and, unless hardening agents a———"¢ 
used before its removal, collapses into a flattened cake-like mass affording lit—©!ie 
information as to its true form. Indeed, it is only in the present generation, sin—  <@Ce 
the introduction of adequate methods of hardening iz situ, that this has bees —¢" 
learned. The liver in general may be described as an ovoid mass which in the your—=ame_—O ME. 
foetus nearly fills the abdomen, but in the adult has the appearance of having had — 2 
least a third of its substance scooped out from below, the back of the right end alo <©™ 
having been left intact. The organ is therefore a thick mass in the right hypochomm=_<© 
drium, growing thinner to the left. The greatest diameter is transverse and t--2 ah 
next vertical. The liver is usually described as composed of five lobes,—namelyw=s= gly 
the right, the left, the lobe of Spigelius, the guadrate, and the caudate. Mors <_-™ 
properly it consists of a right and a left lobe, separated on the superior surface bo b 
the falciform ligament. The other lobes are subdivisions of the right lobe, the lob=—— Bob 
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of Spigelius being at the back and the other two below. They are described with =< 
the respective surfaces. The size varies yreatly with the size of the body and from =, 
many other causes. The transverse diameter usually nearly equals that of the cavity sa 
of the abdomen, although it often falls an inch or so short of it. It may be given at s 
from 22-24 cm. (8%-9' in.). The greatest vertical dimension or depth is about = 


16cm. (614 in.); the antero-posterior diameter 12-18.5 cm. (434-74 in.). One 
peculiar form of liver occasionally met with shows great increase of the right lobe, 
particularly in the vertical direction, with a want of development of the left lobe, 
which is thin and short (Fig. 1456). The weight is, with considerable variations, 
generally from 1450-1750 gm., or approximately from 3-33 Ibs., and in the adult 
is about one-forticth of the body weight. The specific gravity is given at from 
1.05-1.06. The color is a reddish brown. The naked eye can recognize that the 
surface is covered with the outlines of polygons from 1-2 mm. in diameter. These 
are the /obu/es, cach of which is surrounded by vessels and ducts in connective tissue, 
and contains in the middle a vessel, the beginning of the system of the hepatic vein. 
Sometimes the centre of the lobule is lighter than the periphery, sometimes the 
reverse, depending upon whether the blood has stagnated in the portal or hepatic 
system respectively. 
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venosus makes but a small angle with the portal fissure, so that it is a three- insteac&& 

of a four-sided prism. It is also influenced by the depth of the fossa for the ves ==> 
cava, at times being attached merely by a line of tissue. To the left of the fissu = = 
of the ductus venosu$ the posterior surface of the liver is continued as the posteriex —— 
border. This at first is thick, and presents a rounded esophageal impression {<——* 
the end of the gullet to the left of which it becomes sharp. 

The inferior surface (Fig. 1442) of the liver is subdivided by a system ———o 
fissures formerly described as resembling an H. This description must be modifie====—4 
by recognizing that the posterior limbs of the H are not horizontal, but run vertical —‘\y 
on the hind surface of the liver, and that the cross-piece—the portal fissure—is ncaa Ot 
in the middle, but very near the posterior border of the inferior surface. The oi —=ld 
error came from studying distorted livers in which the posterior surface had flatten 
out so as to be reckoned a part of the inferior. The portal or transverse fissumme= = 


(porta hepatis ) is of an entirely different nature from the others. It is the Ar/um qu ol 
the organ for the passage of the vessels and ducts ; while the other fissures momma —==re 
properly deserve the name, being due to the pressure of the gall-bladder and cam g 


vessels. The portal fissure is from 4-5 cm. (114-2 in.) long. It transmits the pom —==—F 
tal vein, the hepatic artery, the subdivisions of the gall-duct, the lymphatics, an. == —2m¢ 
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the nerves, all enveloped in a mass of areolar tissue known as Glisson’s capsule. ‘ 
The large portal vein is posterior. The hepatic artery lies before it on the left and =, 
the hepatic duct, formed by two chief tributaries, lies before it on the right. The —— as 
lesser omentum is attached to the lips of the fissure outside of these structures. At = 

its left end the portal fissure receives the umbilical fissure, which runs backward 
from the notch in the anterior border and contains the obliterated umbilical vein, in 
the adult known as the round ligament. This fissure is very often bridged over. 
Continuous with the umbilical fissure, the fissure of the ductus venosus ascends the 
posterior surface, only a smail part of it being on the inferior aspect. In foetal life it 
contained the blood-channel (ductus venosus ) which established a short cut between the 
umbilical vein and the inferior vena cava ; after birth it is reduced to a cord of fibrous 
tissue (ligamentum venosum). At the left end of the portal fissure the falciform liga- 
ment joins the lesser omentum, the latter being continued backward in the fissure of 
the ductus venosus. The: fossa for the gall-bladder (fossa vesice feller) is a depres- 
sion on the under surface of the right lobe, in which that organ rests. It may or 
may not indent the anterior border. Broad in front, the fossa narrows to a fissure 
behind that joins the right end of the portal fissure. The quadrilateral region on the 
under surface of the rigght lobe, bounded by the portal fissure behind, the border of 
the liver in front, the gall-bladder on the right, and the umbilical fissure on the left, 
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is the quadrate lobe (lobus quadratus). Behind the portal fissure the lower end of the 
lobe of Spi ‘appears on the inferior surface, with the groove for the vena cava 
i ‘the fissure of the ductus yenosus on its left. The caudate lobe 


on 
* ( processus caudatus ) is a rounded ridge, particularly developed in early life, running 


from the under side of the right lobe, just behind the right part of the portal fissure 
and in front of the yena cava, obliquely backward and to the left into the lower end 
i the lobe of Spigelius. A groove caused by the hepatic artery separates it from the 
tuber papillare. The caudate lobe overhangs the foramen of Winslow, In the adult 
Ht is sometimes rounded, sometimes sharp, and not always to.be distinguished. The 
minder side of the liver, being moulded over the neighboring organs, presents many 
@rregularities dependent on their pressure. The posterior part of the under side of 
the right lobe is hollowed into the rena/ impression, a concavity fitting closely over 
the right kidney. The suprarenal capsule rests against the liver to the left of this, 
=at the beginning of the caudate lobe on the under surface and also on the posterior 
srface. The first part of the duodenum rests against and moulds the under side of 
he right lobe between the renal impression and the gall-bladder. This area of con- 
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tact can hardly be called an impression, for the surface here is slightly convex. In 
front of the renal impression is a hollow for the ce/on of very varying size, It may 
be almost wanting, or it may be very deep. It may be pied A: to the right part of 
the under surface, or it may compress the front of the gall-bladder and indent the 
quadrate lobe, and even the left one. The under side of the right lobe presents 
also one or more occasional fissures which seem in the main to diverge from the 
right end of the portal fissure and from the fossa for the gall-bladder. They are 
more common in the foetus, and some of them occur more or less frequently in 
anthropoid apes." The under side of the left lobe is in general concave, resting 
against the fundus and anterior wall of the stomach, Near the posterior part of 
the umbilical fissure on the left lobe isa rounded prominence,—tuber omentale,—due 
to the growth of the liver against the non-resisting lesser omentum. 

The Blood-Vessels.—The portal vein, some 15 mm. or more in diameter, 
divides into a right and a left branch, 10 mm, or over in diameter, of which the right 
is a little the larger and shorter. From the right end of the transverse fissure it runs 


4 Thomson ; Journal of Anatomy and Physiology, vol. xxxiii,, 1899. 
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backward in a curve to the right of the vena in the lower part of the 
liver and giving off successively a series of large to the front an it of 





the organ. Smaller branches arise from the sides of these. The ig 





aisssioe orbs giver oft 8 Votes superien pastel ¢Mase oi eel eee hich describes” 
a similar but smaller curve at a higher level. The general course of the left subdi- 


vision is towards the posterior angle of the organ, giving branches chiefly from its 
Sn aoe naan Sito: 00k Hie applica the grecter park Ot ee . The 
lobe of Spigelius generally receives a chief branch near its lower end, which runs 
upward within it. This branch is most often from the left subdivision, but it may 
be from the right, or from the vessel directly behind the end of the portal vein. | 
There are several systems of so-called accessory portal veins around the | the 
lesser omentum near the gall-bladder, about the diaphragm, and, most important, 
in the falciform ligament, where the parumbilical veins communicate with veins of 
the integument of the abdominal walls. These accessory vessels, small and incon- 
spicuous under normal conditions, may become enlarged and important channels 
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for the return of the blood conveyed by the portal vein when the hepatic circula- 
tion is obstructed. Under such conditions the blood finds its way from the portal 
vein into the accessory veins and by the anastomoses of the latter into the general 
circulation, . 
The hepatic veins carrying off the blood from the liver arise as the #fra- 2 

lobular veins, which empty into the sud/obular, whieh join larger vessels co) 

towards the vena cava. Att first the general direction of the small branches is ; 
lel to that of those of the portal system of the same size ; but the hepatic branches 
always travel alone. The direction of the large branches as they near the vena cava 
is at right angles to that of the portal. The arrangement of the hepatic branches is 
in the main like that of the portal, but near the edge of the liver we find more 
instances of the union of two rather small trunks meeting symmetrically like the 
arms ofa Y. The main trunks of the right lobe run between the upper and lower 
branches of the portal. The upper end of the vena cava is considerably enla 

and immediately below the diaphragm receives two large hepatic veins, a right and a 
left Gne, from 15 to 20 mm. in diameter. The latter is formed by two branches 
that unite just before its end. Many small veins open into the vena cava at different 
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envelope, or capsule, investing the exterior, at the transverse fissure enters the 


organ and the interlobular vessels in their ramifications as the capsule 

Glisson (capsula fibrosa). The distinctness with which the lobules are defined 

nds upon the amount of this interlobular tissue. In certain animals, notably 

in the hog, this is great, the lobules being completely surrounded and plainly dis- 

i sharply marked polygonal areas. In the human liver, on the con- 

trary, the interlobular connective tissue is present in smal] amount, the lobules, in 
ce, being oy. defined and uncertain in outline. : 

"the ‘Lobular Blood-Vessels.—Since the arrangement of the blood-vessels 
is the salient feature in the architecture of the fully formed lobule, it is desirable to 
study the vascular distribution before considering the disposition of the hepatic cells. 
As already described, the branches of the portal vein, the functional blood-vessel 
of the organ, ramify within the capsule of Glisson and encircle the periphery of the 
lobule; inasmuch as these vessels supply the divisions of glandular tissue with 
blood for the performance of their secretory réle, they correspond with the inter- 


lobular arterioles of ordinary glands. som 
Numerous minute branches are given off from the interlobular ramifications of 


the portal vein which enter the periphery of the adjacent lobules and break up into 





the intralobular capillary net-work. The disposition of the latter is in general 
radial, the capillaries converging towards the middle of the lobule, where they join 
to form the centra/ or intralobular vein, the beginning of the system of the hepatic 
veins by which the blood passing into the lobules is eventually carried into the 
inferior vena cava. The general course of the central vein corresponds to the long 
axis of the lobule (Fig. 1444), and hence in cross-sections of the latter the vein 
rae as a transversely cut canal towards which the capillary vessels converge 
ig. 1445). 

The capillary net-work within the lobule is composed of channels with a 
diameter usually of about .oro mm. ; the widest capillaries—some .o20 mm. in 
diameter—are found in the immediate vicinity of the afferent and efferent veins, 
the narrowest occupying the intermediate area. The meshes of the vascular net- 
work vary from .or5-.o40 mm. in their greatest dimension, those at the periph- 
ery being broader and more rounded, while those near the centre are narrower 
and more elongated. The central vein occupies the long axis of the lobule and 
increases in size as it proceeds towards the dase of the lobule, as the side of the 
latter through which the vein escapes is termed. It begins usually about midway 
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Section of uninjected liver, showing general arrangement of lobules, interlobular and intralobular vessels, 3¢ #30. 


sublobular veins join to form larger vessels, which in turn unite and constitute the 
branches of the hepatic veins. 

The Liver-Cells.—The meshes of the interlobular capillary net-work are oc 
cupied by the hepatic cells, the bile-capillaries, and a meagre amount of connective 
tissue. The cells are arranged as cords or trabeculz which conform in their general 
disposition to the intercapillary spaces, which they completely fill. Ina sense, the 
entire lobule consists of a solid mass of hepatic cells elaborately tunnelled by tu 
radially coursing capillaries and their short anastomosing branches, the prop 
of the space occupied by the vascular channels to that filled by the cells bein 
proximately as one to three. When isolated, the liver-cells present a pol 
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ends at the point at which the cystic duct opens into it. The duct is lined with 
mucous membrane, covered with simple columnar epithelium, and presents many 
minute pits, into which open the orifices of numerous small tubular glands. _Its 
walls consist of fibro-elastic connective tissue and unstriped muscular fibres. The 
latter, neither numerous nor separated into a distinct layer, are grouped for the 
most part into longitudinal bundles, but there are also circular and oblique ones.’ 

The gall-bladder (vesica fellea) is a pear-shaped receptacle for the bile, rest- 
ing in its fossa on the under side of the liver, with the large end forward. The 
long axis runs also somewhat inward. The length is from 8-10 cm. (34-4 in.) 
and the capacity some 50 c.c. (about 134 fl. oz.). It narrows to a point where 
it usually bends to the left and ends in the cystic duct without definite external 
demarcation. The bent terminal portion, or neck, about 1 cm. long, is more or 
less closely bound beneath the peritoneum to the side of the gall-bladder, so that 
before this is separated it sometimes looks as if the duct arose from the side of 
the latter. 

The fundus of the gall-bladder lies near the end of the ninth right costal carti- 
lage. The neck is at the right end of the portal fissure. Anteriorly the bladder 
rests on the transverse colon, behind which it lies first to the right of and then above 
the first part of the duodenum. 
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The wall of the gall-bladder is very resistant, being composed of a mixture of 
fibrous tissue and of unstriped muscular fibres. Most of the latter are disposed circu- 
larly, but oblique and longitudinal ones are interwoven. The fibro-muscular tunic is 
lined by a layer of mucous membrane which is very adherent to it. The mucous 
membrane, covered with simple columnar epithelium, presents slightly raised ridges 
marking off a net-work of small irregular spaces some 5 mm. in diameter. The 
small bifurcated tubular glands are few and may be wanting. The bent portion, or 
neck, is separated from the bladder by a strongly raised fold. There are, or may 
be, one or two smaller folds within the neck, the separation of which from the duct 
is usually arbitrary. 

Vessels of the Gall-Bladder.—Arteries.—The chief distribution of the 
cystic artery, a branch of the hepatic, is on the free under surface, which it ap- 
proaches from the left, running on the cystic duct. There is a smaller branch 
which lies deeply on the right between the gall-bladder and the liver-substance. 
Veins.—The superticial veins join the cystic artery and empty into the right 
division of the portal vein. According to Sappey, a number of small veins run 
directly into the liver-tissue joining the portal system. The /ymphatics, for the most 


' For the musculature of the biliary apparatus, see Hendrickson : Johns Hopkins Hospital 
Bulletin, Nos. 90, 91, 1898. 
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listance of 1 cm. The structure of the common duct is much the same as that 
if the hepatic, containing but little muscular tissue and that not well defined. The 
sapilla contains a fusiform dilatation, the ampulla (of Vater), which may be 1 cm. 
woad when distended. Into this the bile-duct and the duct of the pancreas usually 
ypen by a common orifice. Be these orifices common or distinct, each is sur- 
ounded by an accumulation of the circular muscular fibres which amounts to a 
phincter. The glands, which are found throughout the common duct, are particu- 
arly large and numerous in the ampulla. 

Ligaments and Peritoneal Relations.—The term ‘‘ligament,’’ applied 
o the folds of serous membrane, is entirely inappropriate. It is in part retained, 
wut the enumeration of five ligaments as separate entities is antiquated. The round 
igament (ligamentum teres hepatis) is a cord of fibrous tissue, the remains of the 
\bliterated umbilical vein, running from the umbilicus to the left end of the portal 
issure. Its continuation, the ductus venosus, is represented by fibrous tissue (liga- 
nentum venosum ) in the fissure of that name. The round ligament lies against the 
ibdominal wall for an inch or more above the navel and then passes backward in the 
ree edge of the falciform ligament, a fold of peritoneum presumably detached from 
he anterior wall and from the diaphragm by the development of this vein. The 
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front part of the falciform ligament is appropriately described as sickle-shaped. The 
point is in front, and it grows broader as it passes backward until it reaches the liver, 
where, growing narrower, it extends above the liver to the spine at about the median 
line. It contains very little tissue between its folds, which are reflected on either 
tide over the superior surface of the liver. At the notch in the anterior border the 
‘ound ligament passes onto the inferior surface of the liver in the umbilical fissure. 
Phe coronary ligaments are differently arranged on.the two sides. The right one is 
nade by the two reflections onto the diaphragm from the upper and lower borders 
of the part of the posterior surface adherent to it. These come together at the 
‘ight of that surface and are continued as a fold, the right triangular ligament, on 
he right surface, connecting it to the diaphragm in the flank by a line of attach- 
nent some 5 cm. long. On the top of the left lobe, but not on the posterior bor- 
fer, there is a small area without peritoneal covering, enclosed by the two folds of 
he left coronary ligament, of which the anterior is analogous to the right ene, but 
he posterior begins at the left of the upper end of the fissure of the ductus venosus. 
hey soon unite to form the //f (rianeular Ligament, which lies between the dia- 
vhragm and the top of the left lobe, being considerably longer than the right one. 
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Frozen section across body at level of twelfth thoracic vertebra. 


after which it crosses the epigastrium to strike the left costal arch at the eighth car- 
The notch for the round ligament is a little to the right of the median line 

the fundus of the gall-bladder at or near the end of the ninth right cartilage. 

It i is usually crossed by a vertical line from the middle of the clavicle.’ In the re- 
cumbent position the liver gravitates to the top of the abdomen, so that normally 
in the male no portion is left below the costal arch except near the middle. The 
inferior vena cava runs in a groove on the back of the organ, but the aorta, passing 
the diaphragm at a lower point, has the latter muscle between them. The vena cava 
the diaphragm at the level of the body of the ninth thoracic vertebra. The 

ungs, especially the right, overlap the liver yery considerably. 

Development and Growth.—Very early, in the human embryo of 3.5 mm. 
in length, a groove-like evagination appears on the ventral wall of the gut-tube, 
immediately above the widely open vitelline duct. This evagination, the first indi- 
cation of the hepatic anlage, extends into the primitive ventral or anterior mesentery 


1 Carmichael : Journal of Anatomy and Physiology, vol. xxxvii., 1902. 
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which connects the stomach and the duodenum with the anterior body-wall. —Miifhe 
hepatic diverticulum grows forward and upward into the anterior mesentery unt aml it 
comes into relation with the imperfect partition which partially separates the thor=amcic 
and abdominal divisions of the body-cavity. This partition, the sepfum transverstmuaim, 
primarily consists of lateral folds, projecting at right angles from the anterior mes— <n- 
tery, caused by the large vitelline veins traversing the anterior mesentery on th—aeir 
way to the sinus venosus of the early heart. The relation of these structures is 
more fully considered in connection with the development of the diaphragm ( p==ge 
1701); for the present purpose it is sufficient to note that the liver-anlage ecamrly 
comes into relation with the septum transversum. The ventral portion of the -ypn- 
mary liver-evagination, clothed with the entoblastic lining of the gut-tube, very s<a00® 
differentiates into two diverticula: the one nearer the head, or hepatic division, w=>* 
duces the liver proper; the other, or cystic division, later becomes the gall-bla< adet 
and its duct. These divisions are gradually removed from the primitive duode@-a2™ 
by the growth of the primary diverticulum, which at one end becomes conve= smted 
into a tube connected with the digestive canal and at the other bifurcates intc» _the 
hepatic and cystic channels. This tube, evidently later the common bile-duct, amis at 
first short and wide, but later rapidly lengthens. 


Fic. 1459. 
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Portion of sagittal section of early rabbit embryo, showing liver-anlage and ducts. 95. 


The cells lining the longer hepatic diverticulum undergo marked proliferam=— aay 
and produce the /ver-mass which invades the septum transversum almost as a aes 
the sinus venosus and surrounds the vitelline veins. The formation of the liver-1—— She 
follows at first the type of development seen in tubular glands, outgrowths of of 
hepatic tube branching and subdividing to form solid sprouts and buds composec==—> rpe 
epithelial cells. In some of the lower animals, as the amphibians, the tubular ye lar 
is retained in the adult organ; but in the higher forms, including man, the tubu—* ant 
character of the young liver is soon lost and replaced by the reticular arrangeme © is 
produced in consequence of the growing together and union of the terminal dio” 
ions of the gland. ghe 

Coincidently with the formation of the net-work of glandular tissue by teu. 
junction of the cylinders of hepatic cells, the meshes of the reticulum become oc” a 
pied by blood-vessels derived from vitelline veins. These are now represented me 
the hepatic anlage by venous stumps from which numerous afferent branches ( veae*=— hi 
hepatica advehentes) penetrate the liver-mass to become the portal system. TE ig 
division, subdivision, and union of these blood-vessels keep pace with the increasir oS 
complexity of the net-work of hepatic cords, the intergrowth of these constituen a 
eventually leading to the intimate relations between the hepatic secreting tissue neZ 
the intralobular capillaries seen in the fully developed organ. The cell-trabecul= 
composing the primary hepatic net-work are partly solid and partly hollow ; th — 
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adjacent as extensions meanwhile differentiating biliary 
erentiation of the developing liver into lobules does not occur until the 
the fourth foetal month, by which time the larger blood-vessels and 
z come surrounded by condensations of the mesoderm which form. 

‘The details of the formation of the hepatic blood-vessels are considered in con- 
Sxcction with the development of the veins (Page 928), It may be here men- 
ioned, however, that the primary circulation of the liver, including the portal vein. 
‘the intralobular capillary net-work, and the hepatic veins, is derived from the modi- 
ication of the vitelline veins, in conjunction with their tubularies from the digestive 
oe The relations of the placental circulation to the liverare secondary. The 

eft umbilical vein for a time pours practically all the blood returned from the 


Ento the vessel; when the latter is no longer capable of receiving the entire 
=imount of the placental 

Blood, the development _ Fic. 1460. 
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and the surrounding mesoblast produces the distinguishing details of the fully formed 
°o 





With the conversion of the primary liver-mass into the more definite organ, the 
relations of the ventral mesentery, into which the early liver-anlage grows, become 
a For a time the developing liver lies within the septum transversum, but 
later, with the formation of the diaphragm, it separates from the latter and projects 
into the body-cavity. This projection results in a differentiation of the ventral 
mesen' into three parts: (@) the middle portion, the layers of which become 
by the growing liver to form its serous investment ; (4) the anterior portion, 
ich extends from the front surface of the liver to the umbilicus and becomes the 
falciform ligament enclosing the umbilical vein, later the ligamentum teres ; (¢) the 
posterior portion, which stretches between the digestive tube and the liver and, as 
the ama or lesser omentum, maintains similar relations and encloses the 
ucts. 

n the foetus the liver is relatively immense, especially at an early period, At 
the fourth foetal month it practically fills the whole of the top of the abdomen. 
Although it increases absolutely after this, it relatively diminishes, but at birth is still 
considerably above the relative size of the adult organ, forming approximately one- 
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eighteenth of the entire body weight. The left lobe reaches across the stomach so 

as to be in contact with the spleen. The tubercle at the lower extremity of tamhe 
Spigelian lobe and the caudate lobe are relatively large. In the infant there is litmmatie 
connective tissue in the organ, which is very friable and also easily moulded on —*ahe 
surrounding structures. At birth the weight of the liver is about 150 gm. (3 O@=.). 


PRACTICAL CONSIDERATIONS: THE LIVER, GALL-BLADDER__, 
AND BILIARY PASSAGES. 


The Liver.—Anomalies in the position of the liver occasionally occur, a= in 
‘‘transposition,’’ when the whole organ may be on the left side ; in such cases the 
spleen and other asymmetrical abdominal viscera (and frequently, but not ne-«mm=cs- 
sarily, the thoracic organs) will also be found to be transposed. ‘‘ Accessory’’ l<—amebes 
are not uncommon and have been mistaken for new growths. 

The shape of the liver may obviously be affected by compression exe= mmcted 
through the parietes. The chief type of the so-called ‘‘lacing’’ or ‘‘corséet’’ Be Samiver 
is marked by a transverse groove separating the main body of the organ froma yg=—r0- 
longation downward of the anterior portion, especially of the right lobe, which «nay 
reach to below the umbilical level. This portion has been mistaken for a mou- ==able 
right kidney. Knuckles of intestine may lie between it and the anterior abdorm—am_inal 


parietes and prevent the recognition of its continuity with the liver by cither paam- ¥pa- 
tion or percussion. 
Movable liver (hepatoptosis) is a condition in which, through stretching off the 


tissues and structures which normally retain it in place beneath the arch of the _ddia- 
phragm, it sinks by gravity to a lower level. It has then been mistaken for vase 380US 
forms of abdominal or renal tumor and for movable kidney. Hepatoptosis is C= ften 
associated with displacements or abnormal mobility of other abdominal visc— “14 
Traction of the liver on the suspensory ligament is said to produce a fold of =kin 
which hides the lower part of the umbilicus (Glenard ). 

The structures most potent in holding it in its proper position are, in the o> ax der 
of their importance: (a) the attachment of the hepatic veins to the inferior =~ <4 
cava, (4) the coronary ligaments and the cellulo-vascular bands in and betweex—™ _ Its 
layers, (¢) the fibrous tissue near the vena cava and on the non-peritoneal poste== # 10r 
surface of the right lobe, (@ ) the muscular wall of the abdomen (keeping the= = "- 
testinal mass pressed upward beneath the liver), and (¢) the lateral and ‘‘susge>™" 
sory’’ ligaments. 2 

Coincidently with the descent of the viscus it undergoes a rotation or ti ©3"8 
forward so that its diaphragmatic surface is in contact with the abdominal wall. b 

Hepatope.cy consists in suturing such a movable liver in its normal positions ri 
stitches which may be variously placed, but the most useful of which seem to» = mal 
those which unite the round ligament and liver-substance with the anterior abdomm ® 
wall near the xiphoid cartilage (Francke, Treves). 

The normal relations of the liver to the diaphragm and the abdominal pari: 
cause it to be much influenced—especially as to its circulation—by the respirac——@ ot 
and other movements associated with energetic exercise ; hence the congestior = ch. 
the organ resulting in ‘* biliousness,’’ or even in jaundice, seen in cases in wh In 
from accident or disease, persons who have led active lives are confined to bed. be 
walking, and more markedly in horseback riding, the compression of the organ call 
tween the diaphragm and the upper—or respiratory—segment of the abdominal on 
which takes place during deep inspiration is aided by its downward movement fr 
gravity. It has been suggested (Jacobson) that such movement must slightly oa 
the inferior vena cava, which is then immediately compressed by the following oe 

of 


tes 


ward movement, —during expiration,—thus directly influencing the systemic ven 
current and with almost equal directness that in the hepatic veins. 


In deep inspiration the anterior edge of the liver descends from under cover Bs 
the lower ribs, and in very thin persons may be palpated. A similar descent occ 
when a reclining is exchanged for an erect position. 

The direct connection between the gastro-intestinal and the portal circulaic 2 


causes the latter to be markedly affected by the use of alcoholic or other irritants ar 


























Fiona baling either alone ert papel sackets in con- 
-and catarrh of the stomach and intestines, in enlargement of the spleen and 
pancreas, and later in ascites. 

_ As the obstruction increases, a collateral circulation is often established to re- 
lieve the portal congestion by means of communication between (a) the accessory 
portal veins (particularly those in the falciform ligament) and the diaphragmatic, 

_and epigastric veins ; (6) the veins of Retzius and the retroperitoneal 
veins ; (c) the hemorrhoidal and the inferior mesenteric veins ; (d) the gastric and 
the cesophageal veins. An operation has been employed to establish a better and 
more satisfactory compensatory circulation in cases of cirrhosis by effecting adhesions 
between the surfaces of the liver and the spleen and the diaphragmatic peritoneum, 
on the one hand, and the parietal peritoneum and omentum, on the other. 

When compression of the liver is carried beyond oe hysiological limits, as from 
contusion or from forced flexion, rupture results. jis is more went in the 
liver than in the other abdominal viscera on account of its size, its ility, its 
fixity, its close diaphragmatic and parietal relations, and its great vascularity. A 
similar disjunction of liver-substance may occur from a fall on the feet from a height. 
It is grave in proportion to the extent of the rupture and to its involvement or non- 
involvement of the peritoneal covering. Ruptures confined to the liver-substance, — 
£e., not reaching the surface,—and moderate in extent, are not infrequently recovered 

_ The commonest seat of rupture of the liver is near the falciform and coro- 
nary ligaments, with which the rupture is apt to be parallel. If they are extensive 
enough to reach the surface of the organ, death often results from hemorrhage, the 
intimate association of the hepatic substance with the thin-walled vessels preventing 
their retraction or collapse. Hemorrhage is also favored by the direct connection 
of the valveless hepatic veins with the vena cava and by the absence of valves in 
the portal veins. According to the situation of the rupture, the blood may be poured 
into the general peritoneal cavity ; into that portion of it known as the minenekt 
space, and bounded below by the transverse mesocolon ; or into the retroperitoneal 
Space behind the liver and ascending colon. The local symptoms will vary with the 
situation of the collected blood. 

Wounds of the liver should be considered with reference to its relations to the 
parietes, especially on the right side, where, on account of its greater bulk, it is 
more often injured. Except at the subcostal angle, where a small part of the anterior 
surface lies deniast the abdominal wall (the lower edge being on a line between the 
eighth left and the ninth right costal cartilages), the lower ribs and costal cartilages 
surround the liver. Thus stab wounds must pass between them, while fracture of 
the ribs with depression may penetrate the interposed diaphragm and then the liver- 
substance. Anteriorly, a little internal to the mammary line, the liver may reach to 
the fourth intercostal space or even quite to the level of the nipple, and may be 
ay wounded throughout that area. Laterally it is not usually found above the 

sixth interspace. Posteriorly a stab wound through the sixth, seventh, or eighth 
intercostal space, or even down to the level of the tenth dorsal spine, would pene- 
trate four layers of pleura, the thin concave base of the right lung, and the dia- 

before reaching the liver. Still lower, the base of the lung may escape, 

a wound of the liver may involve the two layers of pleura of the costo-phrenic 
sinus and the diaphragm. Of course, the alterations in position of the liver during 
inspiration and expiration, and according to the position of the body, must be 
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remembered in obscure cases before basing a diagnosis upon the situation of — the 


external wound. 
In bleeding from the liver after either rupture or stab wound, or during op«e===—=ra- 


tions, temporary occlusion of the portal vein and hepatic artery may be secured by 
pressing them between the finger and thumb, the former being placed just wie 7 —hin 
the foramen of Winslow and the latter externally on the gastro-hepatic omentum — — 


Enlargement of the liver, if uniform (congestion, multiple abscess, perihepat m~ itis, 
fatty degeneration, hypertrophic cirrhosis), causes a bulging of the right lower s—=mribs 
and their cartilages and an increase of the area of absolute percussion dulness. “WEEhe 
upper limits of the latter should normally be found at the sterno-xiphoid junctiom—=—11 In 
the median line, the sixth intercostal space in the right mammary line, the seve mame nth 
rib in the axillary line, and the lower border of the ninth rib in the scapular lx mr ine. 
A modified dulness is obtained posteriorly over the area where the lung overlaps ™ar_the 
liver, down to the level of the ninth rib. The lower level of the dulness—and t B- hus 
of the liver itself—is in the mid-line, half-way between the sterno-xiphoid juncr mi ion 
and the umbilicus, at or a little below the costal margin in the mammary line, o sam 1a 
level with the tenth and eleventh ribs laterally and opposite the cleventh dorsal w= —~er- 
tebra posteriorly. At this point it is continuous with the lumbar dulness due to t=arthe 
thickness of the spinal muscles, the quadratus lumborum, the kidneys, and —asthe 
perirenal fat. 

In localized enlargements, as from tumor, abscess, or hydatids occupying =smsthe 
upper surface of the right lobe, the diaphragm is pushed upward and the up y—aaPcT 
limit of the percussion dulness raised, the lower limit remaining temporarily us7aammal- 
fected, the area of dulness being thus increased. . 

In emphysema or pneumothorax both limits are lowered (as they are also» ——= 0 
empyema, although in that condition the liver-dulness merges into that of the ple. 2smmmral 
abscess), and in phthisis, collapse or retraction of the lung, or abdominal mete=——°r- 
ism both limits are raised, the total area of dulness remaining unchanged in th <msmmese 
cases. Of course, in atrophic disease the area is diminished and, as in cases in 
which the whole liver is drawn or pushed up, or there is free gas in the abdomms mal 
cavity, there may be tympany over the right lower ribs. : 

Abscess of the liver may be due to infection through the portal system, as f-—<<—™ 
dysentery or hemorrhoids, or from typhoid fever, colitis, or appendicitis ; or thro. =a 2! 
the general blood-supply, as from osteomyelitis or cranial trauma. In additiormm™ [© 
the usual symptoms of suppuration, it, like many other liver troubles, is sometir—=as 46 
characterized by pain in or above the right shoulder. This is thought to be 
explained by the facts that (a) the right lobe is far more commonly affected, =a 4) 
the phrenic contributes to the nerve-supply to the liver and is derived partly f——<?™ 
the fourth cervical, and (c) the supra-acromial nerve is a branch of the lates=—<- 
Other evidence showing relations between the supra-acromial and phrenic n = 
e.g., hiccough in shoulder arthritis, makes this explanation seem reasonable. ee 

Hepatic abscess may open (a) inferiorly into the stomach, colton, duodenum, sic 
right kidney, or into some portion of the peritoneal cavity,—either the subhepas™ 5 
space, the general cavity, or the lesser cavity za the foramen of Winslow ; os ri- 
superiorly into the pleura, lung, or bronchi, or into the pericardium ; (¢) posta of 
orly into the retroperitoneal space and the loin; (@) anteriorly on the surface 
the body, sometimes following the remains of the umbilical vein to the umbilicus. ___ang 

The resistance of the ribs, intercostal muscles, and diaphragm makes pointi: SS2gggia- 
in other directions of rare occurrence. Pus may invade the suprahepatic (subds : 
phragmatic) space or the liver itself from above the diaphragm. Many empyema a 
have taken this course. Nephric or perinephric abscess on the right side m= 
extend to the liver. € 

Hydatid cysts are more common in the liver than elsewhere, as the embryo > an 
the egg of the twnia echinococcus, freed from its shell by digestion, readily pene A 








trates the gastric and intestinal vessels, and is very likely to enter a tributary of oe 
portal system and thus be carried direct to the liver, where it multiplies an 4 
develops into the mature hydatid. Spontaneous evacuation of the cysts may ome 


in any of the directions already mentioned. _ 
In opening an hepatic abscess or hydatid cyst the liver must be reached, as iz— 
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during inspiration. If the cause of the enlargement is inflammatory and adhesives» 7ae 
peritonitis has resulted, the tumor may be fixed so that it does not move with res-—=—s- 
piration ; but there is then, especially in acute cases, apt to be pain and tender- ——w-=r- 
ness over the swelling or at a point between the ninth costal cartilage and the =» «fhe 
umbilicus. 

It may be mentioned here that the diagnosis between the chronic form of gall- — £ K all- 
bladder disease and movable kidney is not always easy ; that the two conditions not <> mot 
infrequently coexist in the same person ; and that the possibility of error is increased 
by the fact that they are each met with much oftener in women than in men, and &>«e-wnd 
that the right kidney is far more frequently movable than the left. 

The anatomical explanation is that in women with flabby abdominal walls = ££ alls 
either tight lacing or a relatively slight jar or strain tends to produce displacement of Re=» gf 
both the kidney and the liver, the latter resulting in tension or angulation and con- — ege@p. 
sequent obstruction of the bile-ducts. The two conditions also act reciprocally, . ~~» ly 
descent of the liver causing displacement of the kidney, which, through its traction ay : 
upon the duodenum, tends to obstruct the bile-ducts. 

A movable kidney, as compared with an enlarged gall-bladder, is less influenced 
by respiration ; has a wider range of motion, especially in the long axis of the body ; = : 
is more influenced by position ; slips backward towards the loin instead of upward Bs Se 
beneath the liver ; is less often visible and less frequently tender on pressure, whichrg — > ch 
is apt to cause a sickening sensation analogous to testicular nausea (page 1951). 

Acute cholecystitis (phlegmonous) is due to infection. The colon or typhoiag —,; d 
bacillus, or the pneumococcus, streptococcus, or staphylococcus, may reach the gall gr =;II- 
bladder either through the blood, as during a pneumonia, by lymphatic and vasculas= @r jo, 
channels, as after an appendicitis, or through the intestine and bile-ducts, as in sot-=—ame 
of the post-typhoidal cases. 

The symptoms are (a) generalized abdominal pain, due to the association of 
the cystic plexus, through the caliac, with the superior mesenteric ; (6) pain belam=ow 
the right costal margin passing towards the epigastrium,—v.e., referred to the coeA= lac 
and solar plexuses,—and towards the right scapular region, from the associatios? of 
the phrenic and the supra-acromial nerves through the fourth cervical (page 1758); a 
rigidity over the right hypochondrium, due to the connection between the splam ae 
nics and the intercostals ; (d ) nausea, vomiting, and prostration, due at first to = 
close relation of the cystic plexus with the cavliac and solar plexuses, later to toxem 
and to peritonitis ; (¢) localized tenderness at the junction of the upper and mid i 
thirds of a line drawn from the ninth rib to the umbilicus,—7.e., over the fundus... 
the inflamed gall-bladder; (_/) distention and paresis of the intestines, due sometin@™ Song 
to a localized peritonitis affecting the hepatic flexure of the colon and simulat# 
an acute intestinal obstruction. sce 

Gangrene has occurred, emphasizing the clinical and pathological resemblars™ ne 


of this condition to appendicitis, but is very rare, illustrating the importance of o= so 
anatomical factor—the scanty blood-supply—-in causing the gangrene which is =~ of 
exceedingly common in that disease (page 1682). Bacterial infection and absence - me 


drainage (and therefore tension) are two conditions predisposing to gangren ac 
present in both cases ; but the third—thrombosis of the nutrient vonselasileverm neers a 
the frequency of gangrene in the appendix, which is supplied by only one nutrien=, 
artery, and is relatively ineffective in the case of the gall-bladder, which has a ric = s 
blood-supply through the large cystic artery and also through the anastomoses of i =—~: 
branches with the hepatic vessels where the gall-bladder is fixed to the liver (Mayo 
Robson ). 2 
“ Empyema of the gall-bladder (suppurative cholecystitis), due usually to chole =<* 
lithiasis, obstructive catarrh, and infection through the ducts, may discharge itself ins® 3 
various directions determined by the occurrence of inflammatory adhesions, The~ os 
most common communication is with the cutaneous surface, the pus having been 
evacuated through the parietes beneath the costal margin in 50 per cent. of Cour- 
voisier’s 184 cases, and in the umbilical region, where it was conducted by the sus- 
pensory ligament, in 29 per cent. The colon or duodenum beneath, the subphrenic 
space or pleural cavity above, and the right prenephric peritoneal pouch—walled 
off by adhesions—have been favorite seats for the spontaneous evacuation of pus 
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even of foreign bodies which have been swallowed. Pressure from extrinsic causeaa=s s 
far more frequent, however, as a cause of occlusion. It may be due to carcinoma oa 
the lymph-nodes in the transverse fissure, secondary to rectal or to gastric cancemmmet } 
or to enlargement of the head of the pancreas from new growth or from inflammatic—n ; 
or to aneurism of branches of the cceliac axis. 
In these cases, contrary to what is found in occlusion from gall-stones, the ¢-——all- 
bladder is usually enlarged. 
Congenital obliteration of the ducts may occur. 
Operations on the Gall- Bladder and Biliary Ducts.—A vertical incision, at h<===ast 
3. §-10 em. (3-4 in.) in length from the costal margin downward, made over the 
middle of the right rectus muscle, the fibres of which are separated, will usum===ally 
sitisiaetorily expose the gall-bladder. If it is necessary to open either of the dim emmcts, 
the incision may be prolonged upward in the interval between the xiphoid carti R==—=age 
aud the costal cartilages. If the liver is then drawn downward from beneath the ==—ibs 
and rotated upward and outward and the transverse colon is drawn downward, the 
subhepatic space will be well exposed, bounded by the under surface of the liver ab~<——Vve 
and externally, the colon and transverse mesocolon below, and the duodenum caend 
pyloric end of the stomach internally. In this position, especially if a sand-bag E35 
been placed beneath the back opposite the liver, so as to push the spine forward, =e 
evstic and common ducts are brought close to the surface, the angle between thernra el 6 
eflaced, the region of entrance into the duodenum is in full view, and incision for d==a—_—_™ © 
aye of the gall-bladder (cholecystostomy ), or for the extraction of a calculus eit == 
trum the yall-bladder (cholelithotomy) or a duct (choledochotomy), or for the eel 
moval of the gall-bladder (cholecystectomy ) becomes possible. If there are many =a —— = 
troublesome adhesions, the fundus and body of the gall-bladder being buried and =— mat 
recognizable, it is well first to locate the hepatico-duodenal fold of peritoneum, — ®—— he 
right border of the lesser omentum,—in which the common duct may be traced ir 
its duodenal termination upward, the portal vein lying behind it and the hep=—=a=a=a=™- auc 
artery to the left. The cystic and hepatic ducts may then be identified. The dum a 
may often best be examined by passing the forefinger of the left hand through aie 
foramen of Winslow, the back of the surgeon being turned towards the patie=— went 
The duct, the portal vein, and the hepatic artery may thus easily be grasped betw A 
the thumb and finger. The close relation of the lower end of the common duct he 
the vena cava should be remembered in operations upon it. This portion may la, 
reached, if necessary, as in some cases of stone impacted at the duodenal papi —s res 
by opening the second portion of the duodenum and slitting up the duct as it IE 
the inner and posterior wall of the intestine, where it may be felt as a cord. 

The duct may be reached at a higher point by an incision through the peri 
neum to the right of the duodenum, the latter being freed posteriorly and dra 
towards the median line. 

In cases in which the common duct is permanently obstructed a portion of cao 


duodenum or jejunum may be anastomosed with the gall-bladder (cholecystenterc=— 
tomy) by direct suture. 


O- 
n 


THE PANCREAS. 


The pancreas, the ‘‘ abdominal salivary gland,’’ lies moulded across the opine te 
column with its head on the right, enclosed in the loop of the duodenum, and is® ei 
tail on the left, in contact with the spleen. It is of a light straw color running inte orn 
red, according to the amount of blood within the organ. The weight ranges fro 
30-150 gm. (1-5 0z.) or even more. The specific gravity is about 1045. Thee 
length iz situ is approximately 15 cm. (about 6 in.). It consists of an enl: 
descending part on the right, the Acad, and of a long body placed transversely _— a! 
which is needlessly divided into neck, dody, and fai/. When the organ is remo ec 
from the body and straightened it somewhat resembles a revolver in shape, the head a 
being the handle. The gland, however, is so modelled by the surrounding parts. 
that its true form is scen only in its undisturbed position, or after hardening 1 safe 
before removal from the body. 

The head (caput pancreatis) is a rounded but irregular disk packed into the 
space between the first and third parts of the duodenum, and lying close against the 


GW 
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't of the second part. It overlaps both the second and third parts anteriorly, and 
nds to insinuate itself behind them. We have seen it overlapping the fourth part 
so. So much has been said of the variations of the duodenum (page 1644 ) that it 
ust be evident that the head of the pancreas can hardly have any certain size or 
ape. Its diameter from above downward is probably rarely less than 7 cm. and 
ay be greater. It is separated from the neck by a groove on the front of the gland 
r the gastro-duodenal branch of the hepatic artery. It rests behind on the inferior 
‘ma cava, sometimes on the right renal vein, and may approach the right suprarenal 
rdy. It is opposite the first and second lumbar vertebre and often a part of the 
ird lumbar vertebra. 

The body (corpus pancreatis), including the neck and tail, is prismatic, having 
Posterior, an antero-superior, and a narrow tnfertor surface. It is so tortuous in 
s natural position as to seem shorter than it is. Starting on the right of the spine 

the level of the first lumbar vertebra, it passes around it to the left and backward 
id again forward to the spleen, which it may or may not cross. Towards its end 
also turns downward. 


Fic. 1461. 
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mterior aspect of pancreas im sifu; the organ is exceptionafly broad, and covers more of left kidney than usual; 
peritoneum has been removed. 


The neck is the part (2-3 cm. in length) which crosses the portal vein with a 
rward convexity, being deeply grooved by the vein on its posterior surface. The 
fe extremity of the body is the tail (cauda pancreatis), the end of which is very 
iriable in form. If it lies in front of the spleen it is more or less pointed, but if it 
ids against the gastric surface of that organ it may have a true terminal concave 
irface, fitting it accurately (Fig. 1461). : 

The posterior surface has first (from the neck towards the left) the deep 
roove for the portal vein, which may be entirely surrounded by glandular tissue. 
eyond this it lies on the vena cava, then on the aorta between the ceeliac axis and 
ie superior mesenteric artery, which groove it above and below. It next lies on the 
ft pillar of the diaphragm, the left suprarenal capsule, and the left kidney. The 
ft end may have a concave surface resting on the gastric surface of the spleen, or 
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it may extend across this surface, or rest on the basal one. There are two horizc—- 

tal grooves on the posterior surface. The lower, which is the longer and deeper, 1s 
caused by the splenic vein. It extends from the left end to the groove for the po: 

vein, inclining to the lower border as it approaches it. A smaller groove for t—mmahe 
splenic artery lies above the former from the left to near the aorta. 

The antero-superior surface, the largest of the three, slants downward a: and 
forward, presenting a concavity which forms a part of the stomach-bed. It is on 
the average some 4 cm. broad, but may exceed 5cm. There is often a swelling— tommrthe 
omental tuberosity (tuber omentale )—to the left of the neck opposite the aorta. TE ~his 
is behind the lower end of the vertical part of the lesser curvature of the stomac—= ch, 
and is in contact with that organ rather than with the omentum. 

The inferior surface, the smallest, rarely as much as 2 cm. in bread a Sth, 
rests on the lower layer of the transverse mesocolon. It is rounded and irreguk== Mar, 
except where: it lies above the duodeno-jejunal fold, where it is smooth and conca w= ¥¢- 
To the right of this it is grooved by the superior mesenteric artery. 

The borders at.which the surfaces meet call for no special description bey: <ond 
that both the inferior ones are grooved by the superior mesenteric artery and # == the 
upper by the cceliac axis. 

Stru¢ture.— While agreeing in its general structure with other serous saliv=uae—==aTy 
glands, as the parotid, the pancreas differs in certain particulars. The most s == mm- 





Section of pancreas under low magnification. showing general arrangement of lobules. XX 30. 


portant of these are the tubular, rather than saccular, form of the alveoli, the mark ce 

differentiation of a yranular zone in the protoplasm of the secreting cells, the absenc—> 

of specialized intralobular ducts, and the presence of the islands of Langerhans. __- ct 
The chief pancreatic duct gives off numerous lateral interlobular branches whic *h 

are lined with a single layer of columnar epithelium, about .0o6 mm. in height, th 


direct continuation of that clothing the large ducts, in which the cells are from two" —_ 
to three times as tall. The canals springing from the interlobular ducts after enter-™, | 
ing the lobules possess a layer of flattened epithelial plates some .o12 mm. long bw— ° 


.003 mm. high, and correspond to the intercalated or intermediate ducts. The in- t 
tralobular canals being wanting, the relatively long intermediate ducts pass directly = 
into the tubular alveoli, within which their attenuated epithelium protrudes as the. 
centro-acinal cells. The relation of the latter to the usual glandular elements lining 
the alveolus is peculiar, the thinned-out and spindle duct-cells being surrounded ex- 
ternally by the secreting cells. 

The tubular a/eo// of the gland, often tortuous and sometimes divided, possess 
a well-defined membrana propria against which lie the secreting cells. The latter 
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we usually of a blunted pyramidal shape, although many aberrant forms are seen, 
vith an average length of about .o1o mm. During functional inactivity their cyto- 
vlasm exhibits two well-differentiated zones ; an inner one, next the lumen, which is 
lighly granular, and an outer one, next the basement membrane, which is free from 
rranules and at times almost homogeneous. The round or oval nucleus occupies 
he external area. The relative breadth of these two zones varies with the func- 
ional activity of the cells. During fasting, when the latter are stored with zymogen 
sarticles, the granular zone is very broad and the outer homogeneous one corre- 
pondingly narrow. With beginning discharge of the pancreatic secretion during 
ligestion, the granular zone diminishes and reaches its minimum, almost dis- 
wppearing when the gland is exhausted. The return of the latter to a condition of 
‘est is accompanied by the formation and gradual accumulation of a new store of 
tymogen particles until the granular zone is again restored to its maximum. Occa- 
sionally in fixed tissue the parietal cells exhibit within their cytoplasm a body 
cermed the paranucleus (Nebenkern). The latter is of uncertain form, often singu- 
arly round and indented, and 
smaller than the nucleus in the 
vicinity of which it usually lies. 
The nature and significance of 
this body are still undeter- 
nined, some observers regard- 
ing it as an artifact (Ebner), 
others that its presence is in 
some way connected with 
changes affecting the nucleus 
(Henneguy). Jntercellular se- 
cretion-capillaries have been 
demonstrated in the alveoli of 
the pancreas. They extend = = : 
between the cells for some dis- : 2 : a date 
tance, but do not reach the : 3s : 
basement membrane surround- 


Fic. 1463. 


; ae > of ee - Interlobular 
ing the acini. Intracellular ip’ : : blaod- 


secretion-vacuoles are also de- vessels and 


monstrable at times by means 
of Golgi stains, but are tem- 
porary and cannot be regarded 
as constant details of the cells 
(Ebner). 

The interalveolar cell- Section of pancreas, showing interlobular connective tissue with vessels 
areas, or islands of Langer- and duct surrounded by tubular alveoli. x 200. 
bans, appear as small collec- 
tions of cells, some .3 mm. in diameter, lying between the tubular acini, from which 
they are separated by a delicate envelope of connective tissue. These cell-areas are 
constant features of the pancreas, not only of man, but likewise of a wide range of 
animals representing mammals, birds, reptiles, and amphibians. Their distribution 
within the pancreas is by no means uniform, since, as has been shown by Opie,’ while 
about equally numerous in the head and adjacent part of the body of the organ, they 
may be almost double in number towards the tail. The cells composing these masses, 
although developed from the same tissue which gives rise to the usual glandular 
elements of the pancreas, differ from the latter in being smaller, polygonal rather 
than pyramidal in form, less granular, and undifferentiated into the characteristic 
zones usually scen in the pancreatic cells. They are arranged as a net-work con- 
sisting of solid cords or trabeculw, the meshes of which are occupied by blood- 
capillaries of large size ; the whole recalling the arrangement of hepatic tissue. No 
extension of the system of excretory tubes has been demonstrated within these 
cell-islands, secretion-capillaries being therefore wanting. The significance of the 
islands of Langerhans has long been a subject of dispute, but in view of their isola- 








‘Johns Hopkins Hospital Bulletin, September, r1gov. 
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tion from the surrounding glandular tissue and their close relation with the bloc—d- 
vessels, the opinion is held by many that they produce some substance which pas==«s 
directly into the blood and may be regarded, at least provisionally, as concernec in 


‘* internal secretion.’’ 


The Pancreatic Ducts.—The gland is surrounded by a fibrous sheath wht 
The chief excretory canal 


sends in many processes dividing it into small lobules. 


ch 


in 


the adult is the duct of Wirsung (ductus pancreaticus), which, beginning near the emmmnd 


of the tail, runs through the middle of the pancreas towards the right, and bem 


Branches sprout from the main dus <t 
at right angles, which receive bunches of smaller ramifications. 


downward as it passes through the head. 


the duct near its end is about 5 mm. 


cas 


The diameter «i 


It descends just in front of the common bia <- 


duct to the wall of the duodenum and empties in common with it at the papi B\e 


(Fig. 1455). 


Its termination very often is in the floor of the ampulla (diverticul =_—=="™ 


duodenale), so that the papilla presents but one opening. The tributary ducts of tH “he 


head are larger than the others. 
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Section of pancreas, showing island of Langerhans. X 200. 


A particularly large one—the duct of Santor-s aa 


(ductus pancreaticus a 

sorius)—is in the eas—=aammly 
stage of development tE - Nt 
chief duct of the hea ——=": 


‘ _—he 
and consequently of «© i 


gland. In the adult 

usually descends from © a 
right to empty into # E_ Zh 
duct of Wirsung as & Ys 
latter turns downwas-* — 
In about half the case== » 
according to Schirmer, * -_ 


opens independently irs ~ 
the duodenum, some — 
cm. above the papilla as = — 


—— 


more anteriorly. The c™ * 7 see 
ifice is usually surrounde= == 
by a small raised ring 7 
Even when so terminatirs & ae, 
it retains its connecti> ™_. = 
with the duct of Wis” ge 
sung. Thus fluid in th 7 wv 
body of the pancreas ma a o 
in such cases pass ina. -r 
the duodenum by eithe #2 


¢ 
opening, and fluid in thee ged 


duct ot Santorini may pass either directly into the gut or through the duct of Wir = 
sung. The canal of Santorini may be no more than an insignificant side branch o¥ 


the other, or it may be the chief, or sole, excretory duct. 


Relations to the Peritoneum.—Although developed in both the posterios~™ rst 


a 


and the anterior mesenteries, the pancreas, owing to the changes by which the spleers. =i 


on the left and the descending part of the duodenum on the right have come to lie 
against the posterior abdominal wall, is entirely retroperitoneal. 
face, with the possible exception of the end of the tail, which may be surrounded 
peritoneum, is attached to the parts behind it by connective tissue. 
peritoneum covering the antero-superior and the inferior surfaces meet to form the 
transverse mesocolon, which is attached along the border between these surfaces, and 
is continued on the right across the head, and may sometimes rise towards the left 
The gastro-pancreatic fold, made by the 


onto the antero-superior surface. 


7 


The posterior sur- -) 
ge 

The layers of = 

wg 


artery, crosses the gland upward from a point a varying distance below the cceliac 


axis. 


Vessels.—The arterics are many small branches derived from the splenic, 


hepatic, and superior mesenteric. 


As the splenic runs along the top of the posterior 


' Beitrage zur Geschichte und Anatomie des Pancreas, Basel, 1893. 
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> it sends a series of branches into the upper part of the body and tail, The 
tic runs along the top of the front of the head and neck, doing the same. In the 
ween head and neck the gastro-duodenal sends the superior tico- 
across the front of the gland, supplying chiefly the head, ‘The superior 
nal Th ogee sale eters eengercers 8 the 
al. This ives a running to ‘ight to meet | 

ux pe i rstenab nn thee front of the head, and sends a smaller branch 

“the jong the lower surface. Sometimes the two branches which meet across 
a<= head enclose it by a similar anastomosis behind, The verws follow in the main 
[a arteries. hedge all tributaries of the portal system, and some open directly 
rato the i The 4ymphatics are many. Most of them run to the coeliac 
dl splenic ple: A small group of lymph-nodes is situated on the front of the 


‘The nerves, composed chiefly of non-medullated fibres, are from the solar 
»E —xus, by way of the celiac, splenic, and superior mesenteric plexuses, 
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Section of injected pancreas, showing intralohular capillary net-works; also convolutions of islands of 
Langerhans, < $9. 


Development.—The human pancreas develops from two separate anlages, a 
‘dorsal and a ventral one. The former, which appears by the fourth foetal week, is 
a direct outgrowth from the primitive duodenum. The ventral anlage, slightly later 
in its formation, develops as two outgrowths, one from each side of the early bile- 
duct, and is therefore not strictly a direct derivative from the gut. The left ventral 
outgrowth soon disappears, leaving the right one connected with the bile-canal. 
This close association 1s retained throughout life, as evidenced by the intimate rela- 
tions between the common bile and pancreatic ducts. The dorsal pancreas rapidly 
grows, elongates, and soon becomes the chief part of the organ, opening by an in- 
dependent canal—the duct of Santorini—into the duodenum. The repeated division 
of the duct and the proliferation and extension of the terminal compartments pro- 
duce the system of excretory passages and glandular tissue of the organ. The ven- 
tral pancreas, which has meanwhile increased more slowly, and in consequence of the 

es in the gut has suffered displacement to the left and behind, grows towards 
the dorsal gland, with which it soon inseparably fuses, The head of the fully formed 
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ddistention of intestinal coils should ibé giver due’ 
rium of an obstructed small intestine should be 










j¢ pancreatitis, especially in thin patients. and when the stomach and 
y, it may be paalde sarkhtos tender, swollen gland through the 
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suspended in the middle by a series of cords which might 
= all enclosed of paper from the ceiling. This would be a mesentery and 
the cords would be blood-vessels going to the gut. The cords, of course, would be 
on the w! side of the paper and the vessels on the areolar side of the mem- 
Teresa A bald of peritoneum may contain large vessels and strong bundles of fibres, 
eo be no more than a duplicature of membrane. The former are 
the mesenteries and certain bands called ‘'ligaments,”’ the latter plice or folds. 
‘The complications of the 

Peritoneum are reduced 

=s much as possible by 

Studying _ ei biened 


je account 


the parietal peritoneum, 
whichcovers the Wolffian 
bodies and the beginning 
of the abdominal walls, 
and certain median folds 
called mesenteries, con- 
veying blood-vessels to 
the gut, within which cer- 
tain accessory organs are 
developed. There is a 
posterior grey ex- 
tending from the spine to 
the length of the 
ali ‘y canal below 
the diaphragm, to which 
it carries vessels from the 
aorta, and an anterior 
mesentery running to the 
upper part of this canal 
from the anterior abdom- 
inal wall (Fig. 1432). 
The original posterior 
mesentery is divided into 
three regions, each of 
which conveys a particu- 
Jarartery. 1. The mesen- 
tery of the stomach and 
phecel duodenum, con- by einatam s 3 
in the celiac axis. tu lack line 9 passes rom r into lesser i joramen 
Ic isto be noted that this cCSs0; Aint iaccaene ecueeeoaiies Hemme 7 ae 
region may be subdivided 
into two parts, the upper formed by the stomach and the first part of the duodenum, 
the lower formed by the remainder of the duodenum. The latter originally arches 
forward, both ends being fixed at the spine. 2. The mesentery of the rest of the 
small intestine and of the ascending and the transverse colon, containing the superior 
mesenteric artery. 3. The mesentery of the remainder of the large intestine, con- 
taining the inferior mesenteric artery. 
The anterior mesentery, in which the liver is developed, reaches the stomach 
and the upper part of the duodenum, extending on the anterior wall as low as the 


m showing general arrangement of peritoneum, serous foramen 
sae 
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umbilicus (Fig. 1432). The umbilical vein runs in its free lower border to the peg po 
tal fissure of the liver, whence its continuation, the ductus venosus, passes to tl» eth 
inferior vena cava. The anterior mesentery, containing the liver, is opposite to. B © th 
mesogastrium, or mesentery of the stomach, which contains the spleen. The pa s=< pan 
creas, although developed in both the anterior and the posterior mesenteries, lia X_ _lies 
chiefly in the latter. As the jejuno-ileum enlarges it hangs in loops from the spin «= % ine, 
carrying folds of mesentery with it surrounding the vessels. The multiplication, «9 of 
these folds gives rise to the complication of the adult arrangement. 

When two layers of a serous membrane come to lie permanently and practical! & «=ally 
immovably upon each other, there is a tendency to fusion between them, the mese#==—=so- 
thelium covering the apposed surfaces disappearing and its place being taken bc® _by 
connective tissue (Fig. 1472). Thus, when a mesentery lies against the abdomin. «—™ #nal 
wall, the mesothelium of the parictal peritoneum and of the mesentery apposed & to 
it degenerates into connective tissue, and the peritoneum on the free surface of th the 
mesentery becomes a part of the permanent parietal peritoneum. Much of th“ =the 
originally free parietal peritoneum is thus replaced by fusion with what once belonge=3>=ed 
to a mesentery. 

The stomach undergoes rotation, so that the original left side becomes thai he 
anterior and the posterior border the greater curvature. The mesogastrium grow s=™s 
out of all proportion, so as not only to describe a curve to the left, but to han «mg 
downward in a free fold. The loop of the duodenum turns to the right, so that a 
of it, except the first part, lies against the posterior abdominal wall. The head of th ax “Mihe 
pancreas is carried with it. The serous covering of the back of the duodenum (i: # _'™ 
its new position), that of its mesentery, and that of the back of the head of th a ihe 
pancreas disappear, fusing with the parietal peritoneum of the posterior abdomina== aal 
wall. 

The mesentery of the jejuno-ileum and that of most of the large intestins am ane 
become twisted as the gut returns into the abdomen from the umbilical cord, == % 
that the cecum is thrown upward and to the right to lie under the liver, whence =" 
descends to its permanent place; hence the original right and left sides of th «& he 
mesentery change places. The mesentery of the ascending colon fuses with th «#% che 
posterior covering of the right side of the abdomen ; that of the descending colox <=> 
to the sigmoid flexure does the same on the left. 

The sub- or retroperitoncal tissue is very important. As above stated, there ==" 
is a thin fibro-elastic layer supporting the mesothelial cells, which is a part of the «@=he 
serous membrane, although it is not present in the earlier stages. Beneath thie x =7 
tunica propria there may be a continuous mass of connective tissue, to be compareo>—” 
to dense, sponge-like cobwebs, which serves as a packing between different organ= 
and around vessels, nerves, and ducts. It may contain a large amount of fat. This h 
is particularly developed about retroperitoneal viscera and along the aorta. The» <so 
parietal peritoneum is usually thin where no fusion with another layer nor with S ¥ 
fascize has occurred. ry 

We shall describe (1) the peritoneum of the anterior and lateral abdominal% ee 
walls, with its prolongations onto the diaphragm and into the pelvis ; (2) the folds = *— |, 
derived from the anterior mesentery ; (3) those from the posterior mesentery from — 
above downward. Most matters of detail are discussed with the various organs 
having peritoneal relations. 

The Anterior Parietal Peritoneum.—Four folds diverge from the umbili- 
cus, three running downward, symmetrically disposed,—namely, a median fold ( plica 
umbilicalis media), expanding to the top of the bladder covering the wzachus, a 
fibrous cord representing the atrophied intra-embryonic segment of the allantoic 
duct, and two lateral folds (plice umbilicales laterales) containing fibrous cords, the 
obliterated hypogastric arteries, continuous with the permanent superior vesical arte 
ries. If the bladder be distended, they can be traced to its upper lateral aspects ; 
otherwise to the sides of the pelvis. The fibrous tissue of the obliterated arteries 
becomes very scanty near the umbilicus... The supravesical fossa (fovea supravesi- 
calis) or depression lies on cach side above the pubes, between the median and 
lateral folds. On the outer side of the latter, above the middle of Poupart’s ligament, 
is the infernal or median inguinal fossa (fovea inguinalis medialis), which is very 
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tinct and ten extends inward under the obliterated artery, Farther 
out (plica epigastrica), caused by the deep gos ath a ge 

pward inward he : heap bi _ Pou. 
et The external or lateral inguinal fossa (fovea inguinalis lateralis) 
external to this fold, eo ead Gtmay cumehamaatesa ane 


sily made out. The internal abdominal ring (annulus inguinalis abdominalis) is 
in this fossa, about t cm. above the middle of Poupart’s ligament. A slight fold, 
caused by the vas deferens or the round ligament, is described as running downward 
Ra dp Se the pelvis ; the fact is, however, that the structure can be only 
the’ peritoneum, and a raised fold is rare. It forms the 
outer ne Paro the slightly marked femoral rexisioseh (fovea femoralis) opposite the 
femoral ring Sacer cruralis), between the pubes and Poupart’s ligament. The 
ae age 1s continued laterally on either without se pd ge ney 
for description until it reaches the ascending or the descending colon. 
Seieomcorns anterior to these structures is derived from the pesnlooman 
neum ; that posterior to them is derived from the mesenteries of the colons which 


a 
Summit of bladder 





‘Nr Bladder (cut) 
Pubic bone (cut) 


Frontal section of formalin subject, showing posterior aspect of abdominal wall, covered with peritoneum. 


have fallen over onto the posterior abdominal walls. It will be considered later, 
The parietal peritoneum is also to be traced onto the under surface of the dia- 

until far back it meets the folds derived from the mesenteries. On either 
side of the bundle of fibres arising from the ensiform cartilage there is an inter- 
ruption in the muscle of the diaphragm, where only areolar tissue separates the 
peritoneum and the pleura or pericardium. 

The parietal peritoneum is continued into the pelvis, where it meets the mesen- 
tery of the colon and is continued over the bladder, and in the female over the 
uterus and Fallopian tubes. Nowhere is the comparison to a wall-paper so apt as 
here, where the peritoneum can be traced from the walls over the inequalities 
formed by the upper surfaces of the pelvic organs. The depression between the 
bladder and the rectum in the male, the rvecto-vestcal pouch (excavatio recto-vesicalis), 
in the female is subdivided into the ufero-vesical pouch (excavatio utero-vesicalis) and 
the recto-ulerine pouch (excavatio recto-uterina). The latter and deeper, also known 
as the pouch of Douglas (cavum Douglasi), is bounded laterally by the ufero-sacral 
Jolds (plice recto-uterine), which pass from the lower part of the uterus backward 
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and outward to the side of the rectum and the pelvic wall. The peritoneal fol <>® fok 
investing the uterus extends laterally on either side as the broad ligament (ligamecm =» sumer 
tun latum ) to blend with the parietal peritoneum covering the sides of the pelviea-# Evi: 
Below, the broad ligament is attached to the pelvic floor, its superior margin beinga-x # =zin 
the free edge of the fold. On either side of the rectum, between the gut andthe th 
wall of the pelvis, lies the pararectal fossa, the size of which varies with the distenc= =» Sten 
tion of the intestine. The special features of the peritoneum are described with the 3 th 
rectum (page 1679) and with the uro-genital system (page 1905). 

The arrangement over the anterior half of the lateral wall of the true pelvis it as i: 
different according to sex, since in the female there is the line of attachment of th «# w the 
broad ligament of the uterus and the fossa for the ovary. Otherwise the feature=»—= murey 
are about the same, the vas deferens of the male and the round ligament of tha @ the 
female causing similar folds. These structures run backward from the internal ring a-m £-ing 
along the wall of the pelvis, turn down to the side of the bladder, and boune «-= «1nd 
externally and posteriorly the paravesical fossa between the pelvic wall and thal 2 the 
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bladder when the latter is not distended. A transverse fold of peritoneum, plica 
vesicalis transversa,' passes laterally from the upper surface of the empty bladder 
and subdivides the paravesical fossa into an anterior and a posterior compartment. 
The vas deferens, or round ligament, forms (the body being upright) the lower side 
of the obturator triangle, which is completed in front by the external iliac vein and 
behind by the ureter, which crosses the external iliac vein at the apex. The obtu- 
rator vessels and nerve lic in the floor of this triangle. In the female it is crossed 
by the lateral attachment of the broad ligament of the uterus, behind which is the 
fossa for the ovary ( fossa ovarica ). 

The Anterior Mesentery.—This originally extended from the anterior abdom- 
inal wall to the lesser curvature of the stomach and to the beginning of the duo- 
denum. It is subdivided into two portions by the liver, which develops within it. 
The anterior part is the falciform Hgament, between the abdominal wall and the 
liver ; the posterior part is the gastro-hepatic omentum, between the liver and the 
stomach. 


aw auth 


VWaldeyer : Journal of Anatomy and Physiology, vol. xxxii., 1898. 














THE PERITONEUM. 


See er tigamen’ (ligamentum falciforme hepatis) makes the fourth 
lich has been mentioned as leaving the umbilicus. Seen from the side, 
: d fold attached to the anterior wall above the umbilicus and later 
<= as far back as the top of the fissure of the ductus venosus on the 
surface of the liver (Fig. 1441). In its free inferior border runs the row 
Bigament, once the umbilical vein, from the umbilicus to the notch in the liver, 


Es 


BER ee 


szhence in its own fissure on the under surface until it reaches the portal fissure, 
owhere the falciform ligament ends. The latter divides the upper part of the dome 


<i the abdomen into two chambers, one on either side, of which the left one is 

Harger. There is but little areolar tissue in the folds of the falciform ligament. 
Small veins ran since he round ligament, connecting the hepatic system with that 
of the abdominal . Although in the embryo the fold starts from the navel, in 
the adult it does not leave the abdominal wall for an inch or more above it. 

The superior surface of the liver is covered with peritoneum from either side of 
the falciform ligament, which at the top of the posterior surface is reflected onto 
the under side of the dia- : 
phragm. At the edge of Fia. 1470. 


Soin abie poset mt 
i posterior sur- 
face uncovered by perito- 
neum and attached to the 
diaphragm, the layers cov- 
ering the upper and lower 
surfaces meet to form the 

; ’, 
which is attached for a 
short distance beyond the 
liver to the diaphragm and 
has a , free 4 
There is a similar arrange- 
ment on the upper surface 
of the left lobe, but the 
left triangular ligament is 
longer, and passes to the |. Disgr 


= 





m showing early arrangement of parietal and visceral perito- 
diaphragm on the left of the 7, stomach: eek che gt de lt seo va a 
esophageal opening and 
above the spleen. Passing around the border of the right lobe of the liver, the peri- 
toneum spreads over the inferior surface of that lobe as well as of the quadrate cov- 
so gall-bladder which lies in a hollow between them. Exceptionally the gall- 
bladder is entirely surrounded, and is attached to the liver ae | a narrow fold. 

e 


The peritoneum is continued over the cystic duct to the edge of the lesser omentum, 
to be presently described, The entire under surface of the left lobe is also covered 
by peritoneum continuous with the preceding. The passage of the finger on this 
surface to the right is interrupted at the front by the end of the falciform ligament 
between it and the quadrate lobe. At the back farther progress to the right is 
stopped by the lesser omentum in the fissure of the ductus venosus, All the peri: 
toneal covering of the liver has thus been accounted for, excepting that of the 
caudate lobe and of the lobe of Spigelius. 

The gastro-hepatic or lesser omentum (ligamentum hepatogastrium, omentum 
minus) is that part of the original anterior mesentery connecting the stomach and 
the beginning of the duodenum with the liver. It must, theoretically, have been 

iginally a median antero-posterior fold, but it is now so twisted in uence of 
the change in position of the stomach as to be chiefly nearly transverse. Its line of 
attachment to the stomach is along the lesser curvature from the gullet past the 
pylorus, continued onto the first part of the duodenum, where it crosses from the 
top to the left of the gut, until it passes the common bile-duct (by which the ducts 
of the liver originally grew out of the gut) with its companions, the hepatic artery 
and the portal vein. It is formed by the union of the peritoneal layers covering 
respectively the front and back of the stomach and the sides of the duodenum con- 
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tinuous with them. The two layers join at the bundle of vessels just mentiones»===== 
thus forming a fold which is the termination of the lesser omentum on the righ 

known as the duodeno-hepatic omentum (ligamentum hepatoduodenale). The lessee <== 
omentum is sometimes described as prolonged across the first part of the duodenum sx: 
to the transverse colon, fusing with the greater omentum. This is only an acc» =e 
dental modification, although a very common one. An accessory fold, the duodence =e 
' eystic ligament, is prolonged to the right from the front of the lesser omentun—=x—a) 
around the cystic duct from the gall-bladder. The hepatic attachment of the less» =e: 
omentum is to the transverse fissure of the liver and from its left end to the fissu-am m te 


of the ductus venosus. From the point at which the latter reaches the diaphragrae == m 
the two layers diverge, th ac—#®-—2te 


Fic. 1471. left one passing to the lowe=: =» «=r 
side of the left lobe and thac—E-2e 
right one to the lobe Gm» of 
Spigelius. The structur—am s7¢ 
of the lesser omentum = as 
dense and fibrous at thasc—=3¢ 
right. It is very delicate i m= 19 
the middle, but somewha== at 
thicker at the leftend. Th sa n¢ 
fold around the vessels a= at 
the free edge (Fig. 1473 23) 
forms the anterior borde=>> 
of the foramen of Winsla=—* 
(foramen epiploicum), a nar—a= 
row part of the peritoneas= = 
cavity by which the gen: 7 
cavity communicates with 3 th 


that behind the stomachif —=ch 


Diagram showing changed relation of visceral peritoneum in consequence q 
of twisting, so that original right and left sides of mesentery of small inte) which has been formed bye y 


tine and of part of colon have exchanged places. The detached portion . 
which is twisted is supposed to be attached at a higher level. 2), duode. the rotation of that orgars #=an 
num; C, C, ascending and descending colon; /, small intestine ; A, kidney ; and the inordinate growth > 4 -th 


dD, ct Care being displaced towards posterior wall. 7 
of the mesogastrium. The» =” 

foramen is circular, with a diameter of from 2-3 cm. Of the three vessels im m= _™ 
the fold forming its anterior border, the portal vein is the posterior at the poin aa mnt 
of entrance into the liver, with the hepatic artery in front on the left and the « Mhe 
hepatic duct in front on the right. The cystic duct is really in an accessory fold. => 1. 
The hepatic artery, which passes along the left side of the duodenum and tume= 
upward, is the vessel that most definitely bounds the foramen in front. The duo—<—*, “a 
denum lies below the foramen, but its /ower border is often formed, not by the» ad 
gut, but by a fold of serous membrane arising from it. The foramen is bounded, 
behind by the vena cava and adove by the caudate lobe of the liver, which is covered > 
by peritoneum. _ . : wt 

The Posterior Mesentery : Part I.—The posterior mesentery arises from the ee 





spine, with the aorta between its folds. The first part is the mesogastrium, in which we 
run the branches of the caeliac axis. It will be remembered that, except at the => fy 
fundus, this is attached to the greater curvature of the stomach, which was originally <2 
the posterior border, but which has turned to the left. The spleen and most of the ot 
pancreas are developed in this fold, which grows inordinately. We must trace it both 4 
in a horizontal and in a sagittal plane. Tounderstand the horizontal arrangement, a 
it is sufficient to remember that the original mesentery, which ran straight forward a 
from the spine to the stomach, in its subsequent excessive growth describes a loop z 
to the left (Fig. 1470), so that the original left side of the mesentery near its root faces i 


backward, and later, after the bend of the loop, forward, ultimately covering the an- 
terior wall of the stomach. This fold forms a great pouch behind and below the 
stomach called the /esser cavity of the peritoneum (bursa omentalis), which, of course, 
is continuous with the general cavity. The mesothelium of the left side of the mes- 
entery nearly to the spleen fuses with that of the posterior wall of the abdomen, so 
that the splenic vessels and the pancreas which are in it come to lie behind the per- 





ce the posterior abdominal wall, which here is that of 
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; ; mi trium. e spleen, 

fares re surrounded by peritoneum. tt hand ie the 


ft hypochondrit slides along th wall behind the eek te Penick 
ft hype ium, it sli c i een to int at which 
r “ arog clon peter 
Fic. 1472. posterior wall and pass in 


tion of the mesogastrium to 
the greater curvature of the 
stomach, where as Rest 
separate to coat tl nt 
and back of that organ, 
The part of the mesogas- 
trium between the stomach 
and the spleen is the gastro- 
splenicomentum. The right 
layer of peritoneum of the 
mesogastrium, lining first 
- the hind wall of the abdo- 
men and then the back of the stomach, bounds the lesser cavity of the peritoneum. 
The gastro-phrenic ligament is a small vertical fold, usually found extending from 
the left of the end of the cesophagus to the top of the stomach. Near it is often 
another, the suspensory ligament of the spleen, extending from the diaphragm to 
the top of that organ, of which it may enclose a small part. It marks the upper 
od of the line of reflection of the mesogastrium from the posterior abdominal wall. 
phreno-colic fold, also derived from the mesogastrium, is a horizontal shelf 
with a free anterior semi- 
lunar edge forming the floor Fic. 1473. 
of a niche for the spleen. - = = 
It extends from about the 
eleventh rib inward onto the 
upper surface of the trans- 
verse colon. That this liga- 
ment is really a part of the 
trium, and not a lig- 
ament of the colon, is shown 
by development, as well by 
its existence (as in the mon- 
key) when the descending 
= mn is unattached to the 
wall. 








The Greater Omentum. 
—wWe are now to trace the 
Mesogastrium in a sagittal 
ard fr Diagrammatic section passing th: level of foramen of Winslow, 
plane downw. from the inti relations of parietal an pos pertloneng within lesser sac 
greater curvature of the (£5): OH, Gat santero hepallc mentum, containing porial vals (2), (hs 
. ic arter) ay us 1 Sf, stor : a omen- 
On opening the fone Lae tene-xenal omentum; VC, ‘4. ‘vena cava Cpr = 


abdomen the first thing that 
appears below the stomach is the greater omentum (omentum majus), which is 
spread like an apron over the intestines. It is that part of the mesogastrium 
which is situated in front. The terms gastro-colic and gastro-splenic omenta 
are but names for different parts of this structure. It extends from the greater 























wing to the median arrangement of peers 
on ‘the right of the median line. The 
s is somewhat contracted (isthmus bursee 














ng teed thing the the Pee packs 
hind the liver (recessus superior) are a Di 
the inferior yena cava and the right of the dicta aoe ee thich meet 
ngitin. The first part of the duodenum, which forms the lower eos) 
nen of Winslow, passes backward and npeiaie a site the Jon a intes- 
the duodenum originally formed, must be considered as having fallen 
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over onto the t side against the estonactons itr cone aie 
covering of whit i has grown with apts anes into pehecrrensbisce 
right serous covering of lee its mesentery. The second or descending portion the: 
ae picky wn inst the right of the column under the permanent par 
the mesocolon, as is shown later. The great di 
Aneta the lesser cavity is that in man the duodenum rises to so near 
that the entrance to the vestibule at the foramen of Winslow is very small. If, as in 
many animals, these parts were more distant, it would be evident that this is a pouch- 







Fic. 1475. 
Hepatic artery 





Greater omentum, cut Gastro-splenic omentum 
Spleen 


The subject, lying on its back, is seen from the left side; the stomach, except fundus, is turned over. The 
omentum has been cut below the ‘greater curvature of the stomach so as to open the lesser sac to show the 
of Winslow from the left side. 


like formation, the mouth of which is behind the edge of the lesser omentum, The 
relations to the mesogastrium of three branches of its artery, the cceliac axis, are as 
follows. The splenic artery, in the adult condition, lies entirely behind the perma- 
nent peritoneum to near the hilum of the spleen, where the mesogastrium is no 
longer attached to the wall. It then sends its terminal branches to the spleen, 

gastro-epiploica sinistra to the greater curvature of the stomach, and the vasa ia 
to the fundus. The gastric artery, originally in the mesentery of the bo 
reaches the cardiac end of the stomach through the flica gastro-pancreatica, 

then runs between the layers of the lesser omentum along the lesser curvature. 


—_ _—- 
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The hepatic artery reaches the duodenum through its mesentery, and crosses the 
eft side of the gut, to which it gives branches. Thence it runs in'or near the edge 
Ff ‘the lesser omentum at the foramen of Winslow to the portal fissure. 

Fic. 1476. 





Schematic reconstruction, showing relations of peritonea) la in vicinity of lesser sac. U; surface of duo- 
Po ‘at floor of faramen of Winalow lies at deeper level | n plane of 4 Tt is to be noted 
covert rom 


am ing ior wall of lesser sac is derived iter omentum which lies to Telt of aorta, 
ig at gastro-pancreatic fold, JZ, liver; Sf, stomach; .Sf, spleen; 7, pancreas; A, A 
The Posterior Mesentery: Part II.—This is that part of the peritoneum 
<lerived from the original mesentery of the jejuno-ileum, the cecum, and the ascend- 
Eng and transverse colon. Its artery is the superior mesenteric, If the transverse 
<olon with the greater omentum be turned upward and the small intestine to the right, 
he left side of the mesentery of the jejuno-ileum is seen running from the left of the 
op of the body of the second lumbar vertebra to the right sacro-iliac joint. At 
the beginning this is attached to the lower side of the gut, where it makes a sharp 
Hlexure at the origin of the jejunum from the end of the duodenum. This flexure 
Jies directly in front of the aorta, which usually lies covered with peritoneum at the 
back of the abdomen, with the fourth part of the duodenum to the right of it. (This 
relation is more fully described with the duodenum (page 1647). The line of attach- 
ment of the mesentery (Fig. 1477) descends over the fourth part of the duodenum, 
crossing the third part and the inferior vena cava, The greatest breadth of the mes- 
entery to the free border is from 20-23 cm, (8-gin.). It reaches its full breadth 
almost at once after its origin. Usually it becomes very narrow—perhaps only 12 mm. 
—at its termination ; but this varies much, as does also the point of that termina- 
tion. The connective tissue between the layers is thickest and the lymph-nodes most 
numerous near the attached part. Except in very fat subjects, there is little between 
the layers of peritoneum besides the vessels, within an inch or so of the gut. The 
superior mesenteric artery can be felt at the top, entering it from under the lower 
border of the pancreas. The peritoneum can be followed at any point across from 
the left to the right side of the mesentery. From the latter it is followed along the 
posterior wall to the kidney and the ascending colon, lying on the front of the 
latter, where they are in contact. The membrane crosses the ascending colon, 
leaving its posterior surface without covering attached to the parts behind it, and 
completely envelops the cecum, passing on the left into the mesentery. Very 
often the peritoneum is carried for an inch or two behind the lower part of the 
ascending colon, It then passes into the left flank and the pelvis without incident. 
Development shows that this is a departure from the original condition, in which the 























paracolic en is, subdiay c aera sub 
that | peritonitis eee to the lesser peritoneal sac (vrde jee bo 

rietics are Ss is peritonitis beginning amo: 
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anatoxnical sources of peritoneal infection may therefore be arranged ap- 


in the order of th , as follows : perforations oie 
apart . : (8) ilcas coated chabe caeaaee petienalciad: 


Ce or wounds of other viscera, includi ureters, 

reas, and a qlee (d@) entrance of fcr by ts growth through male’ 

ees Bae teotal wills: (e) bacterial migra’ Ne: ies Damar intes- 
F infection through the Fallopian rere He '@) wounds of 

“est aiwler). 


arrangement is based upon two factors: the number and virulence of the 

Weacteria which are likely to gain entrance, and the retrace sesor vould ween 
be afforded ie the formation of limiting adhesions. 

Sidered from the anatomical stand-point, as the variations in the intensity of the in- 

flammation due to varying forms and doses of the invading bacteria are influenced by 

“oe ternal or other traumatism, or of an pee crt cer ata the 

viscera. For example, and for reasons already indi etrating 

Reema aboee the level of the umbilicus are less likely to Blaser: fa vetieauite 

than are those in the lower half of the abdomen, The differences in this respect be- 

tween wounds or perforations of the stomach, of the difierent portions of the small 

rete tot and of the large intestine have been described in relation to the anatomy of 

those portions of the gastro-intestinal tract. 

The resistance of the peritoneum to infection is usually in direct Ape aries to 
the normality of its mesothelial coat, which is lessened by all forms of traumatism, 
in handling or sponging, or irrigation with strong antiseptics. To a certain 
extent the sensitiveness of the peritoneum and the rapidity with which it responds to 
irritation is a conservative process. The prompt exudation which follows either injury 
or infection often isolates the affected area and prevents a fatal diffusion of inflamma- 
tion. The great absorptive power of the peritoneum—which should be studied also in 
connection with the lymphatic system—may be alluded to here, as it aids materially 
in lessening the danger from infection. It has been demonstrated experimentally 
that from 3 to 8 per cent. of the body weight in fluid can be taken up by the peri- 
toneum from within its cavity in one hour, which is equivalent to the total body 
weight in twenty-four hours (Wegner). The current of this process of absorption of 
peritoneal serum has been shown to set normally from the peritoneal cavity towards 
the diaphragm, and to be much hastened by elevation of the pelvis and lower abdo- 
men. Small particles (carmine, bacteria, etc.) are carried thro the intercellular 

in the diaphragmatic peritoneum—“‘ the openings made the retraction of 
the endothelium’’ (Kelly )—into the lymph-spaces beneath, then into the mediastinal 
lymph-spaces and glands, and then into the blood-current (Muscatello). This pro- . 
cess goes on much more rapidly in this direction—towards the diaphragm and medi- 
astinal glands—than does the similar process beginning in the visceral (intestinal) 
peritoneum and associated with the mesenteric lymph-nodes,—an additional ana- 
tomical explanation of the greater fatality of visceral peritonitis. 

The close relation of the nerves of the peritoneum and of the abdominal viscera 
to the nerves supplying the abdominal and the lower intercostal muscles has been 
mentioned in relation to appendicitis and other intra-abdominal lesions (pages, 528, 
1683), and is of the highest importance in connection with the clinical symptoms 
of peritonitis. Hilton compares the peritoneum and the muscles of the abdomen to 
the synovial membrane and the muscles moving a joint. The rigidity that follows 
inflammation in either case is due to the reflex muscular spasm resulting from the 
correlation of the nerve-supply. ‘Thus the six lower intercostals supplying the corre- 
sponding intercostal muscles and passing through the diaphragm, to which they send 
twigs, are distributed to the skin over most of the abdomen, and to the rectus, ex- 
ternal and internal oblique, and transversalis muscles. Through the splanchnics 
they join also in the innervation of the peritoneum and of the abdominal viscera. In 
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a case of injury to the abdominal wall, therefore, the impression is barely mad — ee 
the skin before the muscles contract and an attempt at protection is made. In Jes in 
of visceral lesion or of beginning peritonitis the rigid contraction of the mus c- oymp- 
closest nerve relation to the area involved will constitute a valuable diagnostic s_~ gramn, 
tom. In general peritonitis the board-like, tender abdomen, the fixed diaphr=_— re all 
and the thoracic breathing (to lessen movement of the abdominal viscera) areG g@\ved. 
phenomena to be understuod only by recalling the correlation of the nerves involv _ telax 
‘The flexion of the thighs (to remove pressure from the tender surface and to rg —ause. 
the muscles as much as possible) is a secondary symptom due to the same cau¥ 
The condition is in strong contrast with that seen in intestinal spasm (colic), < 
which, although the patient may be doubled up with pain, pressure gives relief a &* 
the loose, relaxed abdominal muscles may be moved easily and freely over the uw ‘arly 
derlying viscera. The intestinal distention and paresis of peritonitis are due part— * Ai a 
to the involvement of the nerve-plexuses of the gut and partly to the extension of ix © Avsis 
flamtnation to its muscular walls. They are increased by later vasomotor paralysz¢7 “°° 
and by fermentative decomposition of intestinal contents. 

Other phenomena common to many abdominal lesions, but especially to thos-2<-> gee 
affecting the peritoneum, are due to the relation of the nerves of the latter to thet 3 ed 
great abdominal nerve-plexuses. They have been grouped by Giibler under the £3 the 
term perifonism, arc independent of toxemia, and are essentially the symptoms «>» = #4 © 
‘* shock,’’—subnormal temperature, a running pulse, pallor or lividity, quick, shallow” <> Lilow 
breathing, and great mental and physical depression. The more distinctive peritoneass=> 5" 
symptoms are vomiting (although that is not uncommon in many forms of shock Aik) 
and generalized abdominal pain becoming epigastric or umbilical, and later—if peri s**t" 
tonitis develops—associated with tenderness. In illustration of this relation of nerves=>7 7% VE 
and nerve-centres, Treves says, very truly, that almost all acute troubles within the «# ¥ the 
abdomen begin with the same group of symptoms, and that until some hours have ~s #=4¥¢ 
elapsed it is often impossible to say whether a violent abdominal crisis is due to the «is the 
perforation of an appendix or other portion of the intestine, the bursting of a pyo- oe 
salpinx, the strangulation of a loop of gut, the passage of a gall-stone, the rupture ore = © 
a hydatid cyst, an acute infection of the pancreas, the twisting of the pedicle of aw = 4" 
ovarian tumor, or a sudden intraperitoneal hemorrhage. 

The later symptoms of peritonitis—the board-like rigidity of the abdominal mus— = & 5 
cles, the tenderness, the meteorism, the intestinal paresis or paralysis, and the ascitic> * s rie 
dulness in the flanks—require no further anatomical explanation. “The factors already EY 
described, plus the existence of profound toxcemia, sufficiently account for them. She 

Chronre peritonitis of the proliferative type (said to be found frequently in the © eid 
subjects of chronic alcoholism) is attended by great thickening followed by fibroid E> *® 
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contraction, which, in accordance with the locality chiefly involved, may cause (a) 4 ey 
constriction of the gastro-hepatic omentum with pressure on the portal vein and re- 7 Fash 
sulting serous effusion ; (4) diminution in the volume of the liver from perihepatitis; = gy 


(c) thickening of the omentum, which forms a hardened roll lying transversely pe 
between the colon and the stomach ; (d@) shortening of the mesentery so that the pe 


e 
. . . . . . . . * a 
intestines are drawn into a rounded mass, situated in the mid-line and feeling like a 


; - . P . e -_" 
solid tumor ; (¢) thickening and contraction of the intestinal walls, the mucous mem- 3c 
brane being thrown into folds like the valvulie conniventes ; (/) the formation of 3 
cicatricial bands attached at their ends to intestine and parietes or to two portions of 
the gut, and under which other coils of intestine may pass and become strangulated. as 

Tuberculous peritonitis is the most common chronic form of the disease. The 3 
infection—especially in children and males—-usually proceeds from the digestive tract 4 
through the retroperitoneal lymphatics : or from the lung or pleura and bronchial ‘ 


lymph-nodes by the same route ; or, less frequently, directly from ulcers within the 
intestine ; in women it often enters through the Fallopian tubes. It may be con- 
veyed by the blood. 

Of the conditions described as due to chronic peritonitis, the omental thickening 
and the retraction and thickening of intestinal coils are frequently present. Agglu- 
tination of these coils is apt to occur and to contribute to the sense of resistance which 
may be erroneously interpreted as indicating the presence of a tumor. In addition 
there are apt to be (a) a sacculated exudation in which the effusion is limited and 
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confined by adhesions between the coils of the parietal ‘the mesen- 
tery, and the abdominal or pelvic organ (Osler) 3 and (4) enlargement of the 
Senay oS Tany Pet (Pages an neon toh tbe 
to bea: m of thi i itonitis ; even It to 
Pathognomonic ( Ye ay alow adeales intestine to the inner parietes, 
r-,, more probably, is due to extension of the inflammation of the parietal peritoneum 


=1ong the track of the obliterated umbilical vessels, 
_ Localized peritonitis should be briefly considered from the topographical stand- 


Pelvie peritonitis, usually due to infection by way of the uterus and Fallopian 
Tesbes, is of relatively heictiat danger on account of (@) the fact that the source of 
bacterial supply is not large, the endometrium possessing a high of vital re- 
Sistance its secretion rendering its cavity in most instances sterile (Warbasse) ; 
(© 4) the comparatively low virulence of the bacteria most ripe bei found in tubal 
infection, the gonococcus and bacillus tuberculosis ; and (c) the opportunity usually 
afforded (by the thickness and immobility of the subperitoneal tissues involved) for 
the formation of competent adhesive barriers, including those which seal the i 
of the tube and confine the infection to the latter and its vicinity (Fowler). 
<8 iin gabe peritonitis is much more serious, owing to the anatomical conditions 

i with pregnancy—chiefly the vastly greater size and vascularity of the 
uterus and the ent of its lymph-channels—and to the minor traumatisms to 
the endometrium which occur even in physiological parturition. These offer an 
©pportunity for increased dosage of bacteria and of their toxins. The danger is 
increased by the fact that the invading organism is apt to be a streptococcus and by 
the usual post-partum diminution of vital resistance. 

Subdiaphragmatic peritonitis may be confined to the space between the arch of 
the diaphragm and the upper surface of the liver to the right or left of the suspen- 
sory ligament. It is apt to assume a suppurative form. It may follow (or precede) 
a pleural or pulmonary infection, It is commonly mistaken for an empyema, The 
infection is, of course, at its onset within the greater cavity of the peritoneum, but is 
‘often soon shut off by adhesions. When it has followed a perforation of the stomach 
©r duodenum, the abscess usually contains air (pyo-pneumothorax subphrenicus), 
the diaphragm may be pushed up to the level of the second or third rib, the liver is 

, there is bulging of the right thorax, and the physical signs are those of 
Pneumothorax (Osler). 

The variety of subdiaphragmatic peritonitis which involves the esser peritoneal 
<avity may originate in gastric, duodenal, or colic perforations, in pancreatic disease, 
or in other ways. The communication with the greater peritoneum is soon cut off 
by adhesive inflammation of the edges of the gastro-hepatic omentum at the foramen 
of Winslow. 

Distention of the lesser sac with serum or with pus follows and first causes an 
epigastric swelling, extending by gravity to the umbilical region ; on account of the 
lesser resistance offered by its left boundary—the lieno-renal ligament—as compared 
with that of the gastro-hepatic omentum, and because the lesser sac extends farther 
towards that side, the swelling may appear later in the left hypochondriac region. 
As the floor of the space is formed by the upper layer of the transverse mesocolon, 
the colon is depressed and never lies in front of or above the enlargement, as it does 
in cases of renal tumor. As the space lies below and behind the stomach, distention 
of the latter, if with liquid, will render the swelling less palpable, but may apparently 
increase its area of dulness ; if with air, will convert the dulness into resonance and 
prevent recognition of the swelling by touch, 

Spontaneous evacuation of a subdiaphragmatic abscess may take place into any 
of the surrounding viscera or into the general peritoneal cavity, but the pus usually 
enters the pleural cavity or the thorax either by direct ulceration and perforation of 
the diaphragm or, more circuitously, through the weakened intervals between the 
sternal, costal, and vertebral portions of that muscle. 

The appendicular and subhepatic varieties of localized peritonitis have been suffi- 
ciently described in connection with the organs involved. 


1758 HUMAN ANATOMY. 


Cancer of the peritoneum is occasionally primary, but is usually due to exte=——=—n- 
sion from the stomach, uterus, ovaries, liver, or other organs. The irregular mass of 
acarcinomatous omentum cannot be distinguished by touch from the similar tum — —aammmor 
due to chronic peritonitis. 

The peritoneal cavity asa whole—the interval between adjacent visceral surflae———es 
or between such surfaces and the parietes—may be scarcely more than a potent= ial 
space, containing enough serous fluid for purposes of lubrication, or may be more or 
less distended by an effusion of the same fluid,—ascétes. Such effusion may res-_—sssmult 
from (a) infection followed by chronic inflammation ; (4) abdominal tumors, causi-—=aaE 





irritation and pressure ; (¢) obstruction of the portal circulation, either terminal, as 
in hepatic cirrhosis, or by pressure on the vein itself in the gastro-hepatic ome —===="- 
tum, as from certain pancreatic or duodenal growths, aneurism, or the exudate of 


a chronic peritonitis (z7de supra); or (d@) from conditions producing a general 
dropsy (of which the ascites is but a part), such as cardiac or renal disease, chronm=—— UC 
empyema, or pulmonary sclerosis, Ascites is recognized by (a) a flat abdomes= ~~" 
bulging at the flanks, with prominent umbilicus ; (4) dulness in the flanks varyi-—=aeaemB 
with change of posture ; (¢) resonance over the uppermost part of the abdomes= bis 
in either dorsal or lateral decubitus (from floating upward of the intestine) ; (@) flu: s=—="C 
tuation. Sudden withdrawal of ascitic fluid may cause syncope in persons wit matt 
pre-existing cardiac lesions by diminishing intra-abdominal pressure, permitting ‘ 
dilatation of the deep circumflex iliac, the deep epigastric, the lumbar and othe» ssc 
deep abdominal veins, and thus suddenly lessening cardiac blood-pressure. es 

The difference between the peritoneal cavity and the abdominal cavity shoul el 
not be overlooked by the student. A number of the abdominal viscera are not inra= 
peritoneal, but lie more or less completely behind that membrane. Thus the kidne=> 
and pancreas and certain aspects of the ascending and descending colon and duode> 5 
num may be wounded, or may be the subject of infectious disease, without involve» ~— 
ment of the peritoneum, while similar wounds or infections of the liver, spleen, stor aT 
ach, or small intestine would necessarily include it to some extent. im 

The parietal peritoneum, the least sensitive portion of the membrane (ria _4 
supra), is thickest below and posteriorly, and is there connected loosely with the ah 
abdominal wall by relatively abundant subperitoneal cellular tissue containing far —_<=—= 
This loose connection permits it to be stripped forward, as in some operations «= 
the kidneys or ureters or on the iliac vessels. About the umbilicus and alon <= _1f 
the mid-line of the abdomen it adheres much more closely. It is strong, bearin =i 
a weight of fifty pounds (Huschke) ; distensible, as shown by the gradual stretcr& — ~ 
ing it undergoes in ascites, during pregnancy, or in a hernial sac ; and elastic, as i = 
such cases it returns to its normal dimensions when the distending cause is removed 
It may be ruptured by sudden force without injury being done to the underlyin; «= “ 
viscera, : i F : ‘ . — 

From its superficial position, the greater omentum is often involved in penetrating, © 
wounds of the abdominal wall. Wounds of the omentum are not in themselves ser 
ous, except from hemorrhage. The rapid adhesive inflammation which follows injury— 
to the omentum, as to other parts of the peritoneum, may act beneficially by leadingae © 
to the closure of an intestinal wound or perforation before extravasation occurs, or by 
favoring the localization of an area of infection. It is sometimes utilized by the sur— —* <_ 
geon to reinforce an intestinal suture or to cover intestinal defects, especially in the<=*” <-—_ 
cecum (I. Senn) ; or to protect the general peritoneal cavity, as in some operations =~ 


\ 


\ 


\i 


on the bile-ducts. Through inflammatory adhesions, portions of the omentum may “J 

act as bands beneath which a loop of gut may be strangulated, or such a loop may _— 
pass through an aperture in the omentum itself and become strangulated. The — 
omentum is constantly found in sacs of ordinary herniz or may constitute their’ only = 
contents (epiplocele), especially in umbilical and frequently in femoral herniz. It - 


almost always contracts adhesions to the neck or other portion of a hernial sac, if the 
hernia is not kept permanently reduced. It then prevents reduction. — It is found 
oftener in left-sided hernia, because it was developed from the mesogastrium and 
inclines somewhat towards that side. It is very vascular, and has—through acc- 
dental adhesions—maintaincd the blood-supply of an ovarian tumor the pedicle of 
which has been twisted so as to occlude its vessels. Its vascularity and rapid adhe- 
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Sion to other peritoneal surfaces have been utilized in an operation for the relief of the 
‘Peortal congestion in certain forms of hepatic cirrhosis (page 1727). 

The .—The length of this portion of the peritoneum is of importance 
= its relation to the causation and the forms of hernia, in connection with which it 


GE oie te eas Lehr the entery, the blood descends directly into 
=the pelvis (Treves). Collections of blood are said to be more common in the right 
in there one weiss ohhh cre caogenial Cetecm tts asset 

ie to injury, are w are congenit in the mesentery, 

See called attertion to the lact that Picdstter ace tented ace tn tie toes eR 

=are surrounded by an anastomotic arch between the ileo-colic branch of the superior 

enesenteric artery and the last of the intestinal arteries ; that the area is often the seat 

=f atrophied peritoneum ; and that fat, visible blood-vessels, and glands are absent. 

ernie of knuckles of gut through this cribriform area of mesentery could occur 
swith comparative ease. z , 

_ The use of the mesentery as a means of recognition of a particular portion of gut 

eee peccedtives has been described (page 1657). : 
he practical relations of the peritoneal fossa and folds will be considered in the 
section on hernia (page 1765). 
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Abdominal hernia would be correctly defined, in the great majority of cases, as 
the protrusion of any abdominal viscus from the cavity of the abdomen, and if the 
term were limited to include protrusion of only portions of the small intestine (jejunum 
and ileum) and of the omentum, it would still embrace by far the number of 
herniz. Intra-abdominal hernie occur, however, in which a i the intestine 
passes from the general into the lesser peritoneal cavity or into one of the various 
peritoneal fossz or recesses, The resulting evil effects in both cases are due not to 
the protrusion but to the secondary mee that follow the displacement of the gut 
(incarceration, strangulation). It is well, therefore, to subdivide abdominal hernize 
into external and interna/, and in the latter variety to recognize the necessary modifi- 
cation of the above definition. 

External Hernia.—The general conditions that predispose to or actually produce 
external hernia are those associated with (1) increased intra-abdominal pressure and 
(2) decreased resistance of the abdominal wall. 

1. Under the former should be placed (a) occupations that necessitate much 
muscular effort, particularly if it is in the direction of lifting heavy weights, or is ex- 
erted while the person is in a stooping posture (vide infra), or if, at the same time, 
i respiratory effort is required, so that during forced inspiration the diaphragm 
aids in augmenting the outward pressure of the abdominal viscera; (6) diseases 
causing vesical or rectal tenesmus; (c) respiratory diseases producing chronic or 
violent coughing, or inspiratory obstruction. 

2. Decreased resistance of the whole abdominal wall may be due to (a) debili- 
tating illness, (6) old age, (c) prolonged distention (ascites, abdominal tumor, 
repeated pregnancies, (d ) excessive corpulence, or (¢) emaciation. The last two 
causes are assumed to act as follows : with the occurrence of general emaciation, the 
fatty tissue filling up the hernial orifices usually disappears, and these places, which are 
already less resistant, become more yielding and relaxed ; with the rapid appearance of 
obesity there is an increase in the amount of the subperitoneal areolar tissue, and this 
consequently results in a greater mobility of the peritoneum, The traction of a rapidly 

ing subperitoneal lipoma upon the peritoneum, to which it is tightly adherent, 
is also a factor in the development of a hernial sac, although it does not follow that 
this method of origin is frequent or, as Roser asserted, the usual one (Sultan). 

The disappearance of fat and connective tissue in emaciation has been thought 
(Macready) particularly to favor the occurrence of femoral hernia. 

Other predisposing causes are as follows : Age.—Hernia is very common during 
the first year of life. Its frequency then is probably due to (@) the existence of 
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Internal oblique muscle has been partially removed. showing fibres of transversalis arch- 
ing over spermatic cord to reach conjoined tendon; fascia lata has been opened to expose 
femoral vessels lying within sheath ; temoral canal has been artificially distended. 
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Transversalis muscle has been partially cut away to capose transversalis fascia; sper- 
matic cord is seen issuing from internal abdominal ring, covered by infundibuliform fascia, 
which has been artificially distended ; anterior layer of femoral sheath has been removed 
showing femoral vessels and canal; anterior wall of sheath of rectus has been opened above 
upper part of muscle removed and posterior wall of sheath exposed. 

It 
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developmental defects ; (6) the presence in the abdomen of portions of the pel— 2 ~ic 
organs increasing intra-abdominal pressure ; (c) the habitual flexion of the thighs on 
the abdomen in infants, relaxing the tissues about the hernial orifices ; (d@ ) the a= <=x- 
treme shortness of the inguinal canal, the internal ring then lying almost direce —— aly 
behind the external ring, so that the canal is about equal in length merely tot = © he 
thickness of the abdominal wall. The diminution in frequency during childhood i o's 
due to the improvement in posture, to the lessening in size of the abdominal rin, «<—™ 5 
and to the shortening of the tissues about them, and to the lengthening of the inter ek 
between the rings as the ilia grow and incline outward and the internal ring follow” > “¥S 
them,—.¢., to the formation of the inguinal canal with its valve-like resistance to (=i —— she 
protrusion of viscera. The increase in frequency as puberty approaches and : 
passed is due to the more active habits of life and the assumption of occupatiom <= "5 
often laborious. It may also be due to a slight extent to the fact that until the pee 
vis has fully developed the femoral ring and canal scarcely exist, and that therefo: <«——*F¢ 
the femoral variety of hernia is rarely found before that time of life. Later : ay 
life hernia is still more frequent, although it, like aneurism, lessens in numbers = 2 
old age draws on. This is due to the fact that although in both instances the press © 
disposing cause—the weakness of vessels or of the abdominal wall—may be saimsr ——id 
usually to increase when the active period of life is passed, the exciting causes dum —ss=amue 
to occupation and muscular effort diminish with relatively greater rapidity. 

Sex.—Hernia is more frequent in males because (@) the structures connecte—=====e4 
with the male genitalia are more often the subject of developmental defects (ric 
infra), and (6) the inguinal canal in the female is narrower (containing only th axe 
round ligament) and longer (the distance between the anterior superior iliac and th axe 
pubic spines being greater), and for both these reasons offers less opportunity for th xe 
descent of viscera. 

The descent of the testicle and the associated changes, which are often imperfecta ———". 
sufficiently account for the great frequency of inguinal (92-95 per cent. ) as comparea~ 
with all other forms of hernia in males. 

In females femoral hernia is less common than inguinal hernia. It, is however—3ae ==" 
relatively more common than in males because (a) in females Gimbernat’s ligamen at eA 
(qg.v.) is narrower, thus increasing the area of the femoral ring ; and (4) it is weake ==> = 
and less firmly attached, and accordingly offers less resistance to visceral protrusion. — ee 
In 100 ruptured persons the percentages as to inguinal and femoral hernia in the = 
two sexes are as follows : male inguinal, 83.5 ; female inguinal, 8.5 ; female femoral, xz 
5.9; male femoral, 2.1 (Macready). F 

The extent of the influence of a certain shape of the abdomen—with later 1 
bulgings parallel with and just above Poupart’s ligament and extending above the> <= 7 
level of the crest of the ilium—is doubtful, but it certainly indicates a laxity of the» <= j 
abdominal wall, and just as certainly is often, as a precedent condition, associate» 
with hernia. F 

The almost invariable preponderance of right-sided hernia in all varieties, at alll L=— 
ages, and in both sexes has been variously attributed to (a) the greater bulk andiK—> 4 
weight of the liver ; (4) to right-sidedness in walking and lying, and to the greater® = 
strain on the muscles of the right side caused by ‘‘ right-handedness ;'’ (¢) to the=> eas 
inclination from left to right of the mesentery of the small intestine as it descends := Fe 
(d ) to the greater frequency of incomplete descent of the testis and of a patulous <= *—_— 
funicular process on the right side ; and (¢) to the larger capacity and circumference <—” ; 
of the right side of the pelvis (Knox, Macready) as compared with the left, causing a 
a corresponding increase in the size of the right femoral ring. s- 

External hernia are influenced as to the sie of their protrusion by anatomical = “7 
conditions causing a diminution over certain localized areas in the resistance of the ——_ 
abdominal wall to intra-abdominal pressure. These conditions depend usually upon 
the necessity for the passage from within out of (@) normal structures such as the 
spermatic cord (oblique or external inguinal hernia) or the round ligament (the 
labial variety of oblique hernia); or (6) such as the larger vessels or nerves (smbilical, 

Semoral, obturator, sciatic hernia); or ¢¢) upon the weakness or absence at given 
points of some of the components of the abdominal wall, as at the internal inguinal 
fossa or the supravesical fossa (direct or internal inguinal hernia), along the linea 
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zzIba or the linea semilunaris (ventrad hernia), through the pelvic diaphragm,—the coc- 
s and ion ( perineal eee Tsshatt (p Petit’s Spit 53°) or 
superior lumbar triangle of Ly tei ne 's space” 

Other varieties Sears u d) congenital defects, 

umbilical, ventral, and hs hernia; or in the 

varieties of or interstitial hernia 

arr ae accompany misplaced or undeveloped 

testes; or (e) Y pathlogal _ as in 

those ventral hernia or 
wounds. 

This classification, although not exhaustive, 
will serve as a basis for the later and more de- 
tailed consideration of the anatomical factors 
concerned in the production of special external 
herniz and of their symptoms. 

The a yy parts of an external ab- 
dominal hernia (F ig. 148 1483) a are aa 1) the sac, 
consisting of distended pari 
. A pages and saved nto te) the sates 

the aperture corresponding to the intern 
seighty ho pe aut orifice ; (6) the dedy, the expanded a4 
the lowest portion of whic 

called the fundus ; and (c) the neck, ‘the constricted portion connecting the body 
and mouth ; and (2) the contents, which in the order of frequency are ileum, omen- 
tum, jejunum, sigmoid, caecum, and transverse colon. More rarely the ascendin: 
and descending colon, the bladder, the , and the various abdominal viscera, wit 
the exception of the liver, have been foun among the contents of herniz. 

Inguinal hernia, by far the most frequent of all’ the varieties of hernia, 
(95-97 per cent, in males, 55-60 per cent. in females), may best be studied anatom- 


Fic. 1484. 
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Dissection of right inguinal region, showing external abdominal ring and saphenous opening in fascia Jata. 


ically by considering its mode of production when, (a) asa direct result of some 
developmental defect, it is present at or soon after birth ; (4) the hernial sac being 
present congenitally, the hernia follows some increase of ‘intra-abdominal pressure ; 
or, (¢) as a consequence of a less marked—or less complete—original defect or of 
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P<titoneal which extends into the scrotum. F time free communication 
Sih the cbdomined cavity is snainestoed (by the now tlbalar processus vaginalis ; 


easually, however, by the time of birth, or after, this canal is obliterated, the 
#=olated lower end of the paliontel pouch isting as the sac of the tunica vaginalis 
ww hich surrounds the testi peritoneal evagination occurs in both 


=S<—xes, in the female extending into the labium majus as the diverticulum of Nuck ; 


© Bis usually early disappears, but, as a rarity, may remain as an open peritoneal 
3 — Tocess at the time of puberty Merkel). 
If obliteration of the : vaginalis does not occur, a 


eee sears econ 
: L i become ia, either at or | 
Sig clare othe ahclocinal tocere.. Diitug Ika eaone nayeeiseee 


~==al walls as have taken in the formation of the original From 
SEES catguet these wend be, therelore, (3) aiter obliteration of the 
==talk of the peritoneal pouch, however, coextensive with only the tunica - 


_ Fic. 1486. 
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Dissection of right inguinal canal; external and internal oblique cut and reflected, exposing Uransversalis muscle 


versalis fascia ; (3) cremaster fibres, from the transyersalis and internal oblique mus- 
cles, blended by areolar tissue into the cremasteric fascia ; (4) tercolumnar fascia, 
from the aponeurosis of the external oblique. In addition to these coverings from 
the abdominal wall, the envelopes forming the scrotum proper contribute (5) the 
modified superficial fascia or tunica dartos and (6) the skin, Unusual attachments 
of the gubernaculum below to the tuber ischii and sphincter ani account for some of 
the forms of testicular ectopia (g.v.). Attachments above to the peritoneum of the 
cxcum or ileum, or of the sigmoid, or to the loosely attached peritoneum lining the 
iliac fossa, account in part for the formation of the sac in nfaniile hernia (vide infra). 
The strength of the attachments of the gubernacula to the testes and to the dartos 
is shown by the fact that in cases of elephantiasis scroti, although the enormously 
thickened skin and dartos may form a tumor reaching to the knee, the testicles will 
usually be found near its lower extremity. 
he next step in the anatomical study of inguinal hernia should consist in a 
survey of the inner surface of the abdominal cavity in the inguinal, iliac, and hypo- 
gastric regions (Fig. 1487). This will show that the space between the lateral wall 
of the abdomen and the mid-line—marked by the peritoneal fold over the urachus 























ersalis and internal obli muscles (cremaster 1 







of that cavity,—ze., at a level at which, when the size of 

om ily decreased (as during coughing or straining 
sed (as when the upper zone is compressed by tight : 
<<clecreased (a intra-abdominal fat, or by a tumor or ascites), the outward thrust 
<i the abdominal viscera is added to by their superincumbent weight. (c¢) The peri- 
Soneum over the lower part of the anterior abdominal wall is thin and | Aabacied, 
=o that it is unable to offer much effective resistance to distention by pressure from 


=and, having once begun, its influence in localizing a hernia is obvious, (d) The 
==inion of the iliac fascia with the transversalis fascia, which is strongest in the imme- 
<liate vicinity of Poupart’s ligament, presents an insuperable obstacle to the descent 
<f hernia external to the internal ring. (¢) The conjoined tendon of the trans- 
-versalis and internal oblique muscles inserted into the crest of the pubes and the ilio- 
‘Pectineal line is strong internally, but has an ill-defined outer ; while that por- 
tion of the tendon which is derived from the internal oblique has. 
extensive attachment than that from the transversalis muscle, so that the e 
between the border of the rectus and the internal ring is closed by the two ten 
conjoined at the innermost part, farther outward by the transversalis tendon alone, 
while near the entry of the cord there may be a be unprotected by tendon or 
muscle eeereaty The thinnest and least protected portion of the innes poses 
—wall of the canal is therefore that adjacent to the inner edge of the internal abdominal 
ring (Ibid.). It should be noted that Treyes is inclined to consider the resistant 
power of the normal abdominal wall as less over Hesselbach’s triangle than over the 
of the 





epee Denal fossa ; but even if this is true, the existence of the internal ring and 
more than compensates for it in favoring hernia. 
These facts sufficiently explain the frequency of oblique inguinal hernia of the 
acquired form (vide infra),—7.e., the form in which the congenital deficiencies or 
definite pathological changes next to be mentioned are not demonstrable, sieetgh 
it is not unlikely that some original or acquired defect of the abdominal wall in the 
ig Cope of the hernial orifices is present in the great majority of cases of hernia 
of this as of all varieties. (/) The not infrequent total or partial patency of the 
eer process gives rise to a number of subvarieties of inguinal hernia (congenital, 
paraalile, faxicuier), all of which are oblique,—te., enter the inguinal canal af the 
internal ring and to the outer side of the epigastric artery. These hernize, depend- 
ing on anomalies in the closure of the processus vaginalis, have been variously sub- 
divided and defined, often with unnecessary complexity. It will suffice here to say 
that congenital hernia (Fig. 1488) is due to complete patency of the vaginal process, 
the cavity of which is directly continuous with the cavity of the abdomen, the sac 
of the hernia enclosing both its visceral contents and the testicle, which lie in con- 
tact. Although the condition leading to the formation of this hernia is truly con- 
genital, the hernia itself is very rarely in existence at the time of birth, but is ie to 
occur in early life when intra-abdominal pressure is either habitually or suddenly 
increased. It should be remembered that, although a true congenital hernia neces- 
sarily ds upon a patent processus vaginalis, patency of the process may exist 
without hernia. A fold of peritoneum at the edge of the infundibuliform fascia 
partly screening the abdominal opening of such a process has been described and 
been thought to aid in preventing hernia (Macready). In women patency of 
the canal of Nuck acts similarly as a predisposing cause of congenital hernia, which 
is, however, of great rarity, on account of the narrowness of the canal itself, the fact 
that its internal orifice is still smaller, and—supposedly—by reason of the relatively 
larger size and greater distinctness in the female than in the male of the peritoneal 
and fascial fold covering the entrance to the canal. 
Infantile hernia (Fig. 1489) results from occlusion of the processys vaginalis at 
the internal ring only, the visceral pressure, aided by the attachments of the guber- 
naculum testis above described, carrying this septum and the neighboring perito- 
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neum downward to constitute a sac that descends behind the tunica vaginal sm Jis, 
especially if the latter is capacious, as it is apt to be when its upper limit is at the in- 
ternal ring. A hernia of this variety has, therefore, between the skin and the cc—>=-««)n- 
tents three layers of serous membrane, two of the tunica vaginalis and one of pe===« =ri- 
toneum (its own sac) connected with one another at the neck. Not uncommonK .-= ly, 
however,—as might be expected from the tendency of serous membranes to adhesia. => ve 
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Diagram of congenital hernia, showing relation of Diagram of infantile hernia, showing relation of 
hernial sac to peritoneum. hernial sac to tunica vaginalis. 


u 
inflammation,—the posterior layer of the tunica vaginalis is intimately blended wit t 
the front wall of the sac. Infantile hernia, while due, like the congenital variety, t i 
anomaly in development, is even less apt to exist at birth and, in fact, is rarely sees J 
in infancy. A variety of infantile hernia known as the encysted (Fig. 1490) is de — 
scribed, in which the intestine depresses the septum at the internal ring, making == =‘ 
sac which passes into instead of behind the processus vaginalis, so that the hemi== — 
has in front of it a layer of tunica vaginalis and a layer of septum (sac). This * 
hernia is very properly described (Lockwood, Macready) as ‘‘a figment of the? 
imagination."’ When, after occlusion of the process at the internal ring only, the==™”. a 
septum gives way suddenly during some unusual intra-abdominal pressure, the intes- — x 
tine may descend at once into instead of behind the tunica vaginalis and lie in con- —— 
tact with the testicle, —a form of ‘‘ congenital’ hernia that appears in adult life. 





Fic. 1491. 
Peritoneum 
— Spennatic cord 
©. Skin and fascia 
- - 
Diagram of so-called encvsted hernia, showing sup- Diagram of funicular hernia, showing relation of 
Posed relation of hernial sac to peritoneum. hernial sac to tunica vaginalis. 


Funicular hernia (Fig, 14g) is a sequence of the closure of the vaginal process 
at the upper end of the epididymis only, the short: pouch of peritoneum remaining 
in communication with the peritoneal cavity. The contents of sucha hernia are 
separated from the testicle by the septum formed at the point of closure. 

/nterparictal Cintraparictal, interstitial) Aevnia is so usually a variety of oblique 
inguinal hernia, and is so commonly associated in the male with anomalies of the 
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testis, that it may be described here. It derives its name from the protrusion from 
the sac of an inguinal hernia (usually of the incomplete variety) of a pouch or 
diverticulum which insinuates itself into or between the separate layers of the ab- 
dominal wall, as (a) between the peritoneum and transversalis fascia ( properitoneal 
hernia) ; (6) between that fascia and the transversalis muscle, or among the fibres 
of the internal oblique, or between the internal and external oblique muscles, or 
sometimes—the transversalis and internal oblique having been pushed aside, as in the 
descent of an ordinary acguired inguinal hernia (vide infra)—between the transver- 
salis fascia and the external oblique muscle or aponeurosis (interstitial hernia); (c) 
between the external oblique aponeurosis and the skin (superficial inguinal hernia) 
(Sultan). 

While the exact mechanism of the formation of these herniz is still unknown, 
and the various conflicting theories—although of great anatomical interest—cannot 
here be set forth, it is perhaps safe to say that the following facts have a direct bear- 
ing upon the question: (a) a hernia, like other swellings, enlarges in the direction 
of least resistance ; (4) the preponderance of the association of these interparietal 
herniz with incomplete inguinal hernia and with retained testis, in neither of which 
cases have the external ring and the scrotum undergone dilatation, may be due toa 
lesser resistance in the course of the diverticulum than at the external ring ; (c) they 
are also often associated with imperfections of the abdominal wall, correlated with 
the anomalies of the testicle, because, as Macready says, when that organ is defective 
it is very probable that the parts through which it passes and with which it is so in- 
timately associated will likewise be deficient. 

The mechanism of formation of the so-called acgutred oblique inguinal hernia— 
the most frequent and therefore the most important of all forms of hernia—will now 
readily be understood. Because of the anatomical conditions above enumerated 
(page 1763), and in the presence of one or more of the etiological factors, the peri- 
toneum covering the internal ring yields to the pressure of the viscera (usually a 
portion of the small intestine) and, together with the latter, passes through the in- 
ternal ring above the cord, the component structures of which, with the artery to the 
vas deferens, the cremasteric artery, the genital branch of the genito-crural nerve, 
and the inguinal branch of the ilio-inguinal nerve, are close to the lower margin 
of the ring. After entering the canal it meets with less resistance, and, aided by 
gravity and sometimes by prolapse of the mesentery,—a loosening or slipping down 
of its vertebral attachment,—which slightly increases the weight of the intestines 
that must be borne by the abdominal wall, descends until it reaches a point at which 
the resistance is greater than the forces that are carrying it downward. Its descent 
has been thought to be aided by the weight of masses of fat (subserous lipomata) 
sometimes found in the extraperitoneal connective tissue that precedes the sac and 
forms one of the coverings of nearly all abdominal herniz, but this is more than 
doubtful. The most frequent point of arrest is at the lower part of the canal, where 
the rigid, non-elastic pillars of the external ring, strengthened by the intercolumnar 
fibres, often closely embrace the cord, and where the course of the hernia changes 
slightly in direction. Until it emerges from the external ring it is known as an in- 
complete hernia (bubonoccle). It is obvious that, with the exception of a few con- 
genital herniz, every inguinal hernia must at some time have been incomplete. After 
emerging from the external ring it is known as a complete hernia and usually enters 
the scrotum. It then meets with but little resistance until it reaches the level of the 
upper end of the testicle, where it may be again arrested—often permanently—by 
the close connection of the coverings of the cord to the tunica vaginalis, or it may 
descend quite to the bottom of the scrotum (scrotal hernia). It lies throughout its 
course in front of the spermatic cord. 

In females the corresponding hernia follows the round ligament through the 
inguinal canal and appears in the labium majus (/abia/ hernia). 

As the peritoneal sac and its contents follow this course from the abdominal 
cavity downward, they are covered by various structures that represent portions of 
the ditferent layers of the abdominal wall, modified in character, however, at the time 
of the descent of the testis and designated by new names. The clinical importance 
of this list of ‘‘ coverings’’ has been greatly exaggerated, but they have a certain 
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usefulness as denoting the route of the hernia, and are occasionally of value as lasa=amnd- 
marks during herniotomies or operations for the radical cure of hernia. 
The sac of a complete oblique inguinal hernia (Fig. 1492) would carry wit.—© hh it 





(1) a layer of extraperitoneal connective tissue ; (2) that portion of the transve is 
fascia known as the infundibuliform fascia ; (3) the muscular fibres derived from the 
transversalis and internal oblique muscles, and called the cremaster muscle; (4) the 


fibres from the external oblique aponeurosis that aid in strengthening the ext 
‘‘ring,”’ especially the upper angle,—the zutercolumnar fascia ; (5) the superfic-— al 
Jascta,—in the scrotum the dartos layer ; (6) the skin. 

The coverings of an incomplete oblique inguinal hernia will obviously depe=== "4 
upon the point of its arrest, but such a hernia cannot be covered by either inca T 
columnar fascia or dartos. 

The sac of a complete oblique inguinal hernia, if followed from within outwa xd, 
would show first a puckered or pleated appearance at the mouth, due to the foldsa== of 

peritoneum produced —___ Wy 
Fic. 1492. constriction ; next a port==ss8 <0" 
narrow and elongated wy 
y-=lstusdibultorm (wamwvenaie Gack) the pressure of the w 
—Tntersal oblique dntercolummar fascia) Of the canal,—the neck, ware 
superscial atsia saga which in such a he A 
would extend from the === 
ternal to the external ing 
and finally a portion—t 
fundus or Modi or shich, Poe ae 
lieved from pressure, is us yn 
ally irregularly ovoidal 


shape. 1S 

The anatomical poin Ss 
at which strangulation he 
likely to occur are, in to EE he 


order of frequency, (1 ) = 5 
edge of the internal — 
a (2) the edge of the ext = 

Diagram showing coverings of complete left indirect inguinal hernia. nal ring, and (3) in the 
canal (from fibres of hor 
transversalis or internal oblique), but the constriction of the contents is not infre— s 
quently due to pathological changes in the neck of the sac itself. In operating tg: 
relieve constriction at the internal ring, the relation of the epigastric artery shoul 
be remembered. The incision should be directly upward. Pa 

Taxis.—In reducing—i.e., returning to the abdominal cavity—an oblique in-——_ 
guinal hernia, the shoulders and thorax should be raised to relax the abdominal <= 
muscles ; the thigh flexed and adducted to relax the fascia lata and external oblique 
aponeurosis, and thus the margins of the external ring and the anterior wall—the most = 
unyielding—of the inguinal canal ; and the pelvis elevated so as to secure by the aid —_ 
of gravity a backward or upward pull on the contents of the hernia. After gentle mc 
downward traction in the line of the canal so as to remove folds and lessen lateral 
bulging of the sac and contents over the pillars of the external ring, and while 
making pressure with the thumb and fingers of one hand at that point to prevent its 
recurrence, the other hand encircles the fundus of the sac and with as evenly dis- 
tributed force as possible makes pressure at first upward, then upward and outward,— 
in the line of the canal,—and finally backward. 

Direct or internal inguinal hernia occurs in only 3-5 per cent. of cases. The 
reasons for its relative infrequency have been given. To understand it, the region 
internal to the deep epigastric artery should be examined (Fig. 1487). It has been 
mentioned that this region has been subdivided by a fold corresponding to the plica 
hypogastrica into a supravesical and an internal inguinal fossa (Fig. 1487). At the 
inner angle of the former we find the abdominal wall strengthened (a) by the 
presence of the rectus muscle, which extends outward as far as the pubic crest ; (4) 
by Colles’s ligament ( (tang ular ligament, ligamentum inguinale reflexum), consist: = 
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ing of the inner deeper fibres of Poupart’s ligament, which turn upward and inward 
from the crest of the pubes in front of the insertion of the conjoined tendon and pass 
behind the internal pillar of the external ring to be inserted into the anterior sheath 
of the rectus and into the linea alba (Fig. 1486); these fibres protect the inner and 
posterior wall of the canal in the angle between the pubes and the rectus muscle, and 
as far outward as corresponds to the inner third of the external ring in males and the 
inner half in females (Malgaigne, quoted by Macready) ; (¢) by the conjoined tendon, 
which becomes thinner and weaker as it leaves the mid-line. 

It will be seen, therefore, that there is a space between the outer edge of the 
rectus and the epigastric artery in which the abdominal wall is very thin, contains no 
muscular layer, and is weakened anteriorly by the gap in the external oblique apo- 
neurosis at the external ring, especially at its upper and outer angle, the posterior 
wall of the canal at this point not being reinforced by the presence of the conjoined 
tendon or Colles’s ligament (Fig. 1485). This ‘‘thin spot,’’ lying thus partly behind 
the external ring, is bounded internally by some aponeurotic fibres of the trans- 
versalis muscle running from the upper surface of the pubes to the rectus ( /a/x apo- 
neurotica inguinalis) and externally by similar fibres running down from the same 
muscle, encircling the inner border of the internal ring and fusing with the inner 
surface of Poupart’s ligament (/igamentum interfoveolare) (Fig. 1493). When 
these two structures are broad the thin spot is narrow, and vice versa (Spalteholz). 


Fic. 1493. 
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Deep epigastric artery —_+4 
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————Deep epigastric artery (cut) 


Conjoined tendon—— : 
Muscular fibres— "7S E Vas deierens 
Lower end of Poupart's |icament— = 
Urachus— - 
~Femoral ring 
Bladder— Gimbernat’s ligament 


Dissection of posterior surface of anterior abdominal wall, showing relations of conjoined tendon and its expansions 
to internal abdominal ring. 


It is perhaps intrinsically weaker than any portion of the external hernial fossa 
(Treves), but the infundibuliform depression at the entrance to the inguinal canal, 
the presence of the canal itself, and the many anomalies associated with the descent 
of the testis far outweigh this weakness as factors in the production of hernia. 

A direct inguinal hernia may escape through (a) the inner inguinal fossa, be- 
sween the plica epigastrica and the plica hypogastrica, which corresponds in situation 
‘o the outer part of the posterior wall of the inguinal canal,—/.e., to that part formed 
»y the transversalis fascia ; it would go around the outer edge of the conjoined 
cendon, enter the inguinal canal a little below the internal ring, and have the same 
soverings as the oblique hernia, except that the general transversalis fascia would re- 
rlace the infundibulitorm fascia ; or (4) the outer part of the supravesical fossa, 
»etween the plica hypogastrica and the plica urachi,—the outer and deepest part of 
vhich corresponds to the external ring,—in which case it might either also go around 
he outer edge of the conjoined tendon and triangular ligament. or, if those struc- 
ures are thin and poorly developed, might carry them with it, so that its coverings 
vould be (1) extraperitoneal connective tissue. (2) transversalis fascia, (3) con- 
oined tendon, (4) Colles's ligament, (5) intercolumnar fascia, (6) superficial fascia, 
‘7) skin. The spermatic cord usually lies on the outer side of the sac. As many 
wuch herniz practically issue through the lowest part of the linea semilunaris, it has 
deen proposed to call them ventro-inguinal hernie. They have no such essential 
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relation to the inguinal canal as have oblique hernia, although when the peritor=mmearacal 
pouch first forms, and before the resistance of the aponeurosis at the external ram ing 
has been overcome, they usually enter the lower part of the canal, as the resista ss: mce 
in that direction is less than it is inward, towards the rectus. They are never c———©n- 
genital and have no definite pre- 

existing path. They are there- Fic. 1494. 

fore herniz of slow development, 








usually seen in adult life,especially Dep = : 
if the local weakness of the ab- epigastric 


dominal wall is emphasized by 


: ; a 
its laxity from general muscular sche eeiemeen 


atrophy, or by increased intra-  Cosloined tendon (and Colles ligament. we ! 
abdominal pressure from accu- Se Cae) 
mulation of fat. They are usually , 
small, globular in shape (by rea- Diagram showing coverings of complete direct inguinal he-—— "8 
son of the shortness of the neck ), 

do not, as a rule, descend into the scrotum, but remain above the crest of =—_ he 
pubes, and when reduced go directly backward into the abdomen. The orifice——— _!" 
the abdominal wall is easily felt, the outer edge of the rectus to its inner side, <== the 
crest of the pubes below. The epigastric artery is to the outer side of this apertu 
but its pulsation can rarely, if ever, be felt. Macready says: the opening in t 







\S 


e, 
Cred Ihe 


posterior wall of the inguinal canal through which a direct hernia comes is much mc— a 
accessible to examination in the living than the internal abdominal ring, so that it — Ee 
quite possible, in the majority of cases, to explore the conjoined tendon with t. h 


finger and ascertain the shape and size of the opening as well as the extent to whie=— ee 
the posterior wall has suffered. When a hernia is oblique, the posterior wall of t = 


canal is felt as a plane surface by the finger passed into the external ring, and =* 
attachment along the pubes can be traced. The finger is prevented from enterir-—*_ j- 
the abdomen till it reaches the internal ring. But in direct hernia, when fully deve e 


oped, the finger at once passes into the belly over the bare pubes, and can feel th ee 
back of that bone and of the rectus muscle. No trace of the posterior wall of thee 
canal is felt nor the margin of an opening in it. All that remains is a narrow lay ee 
of membrane which just fills the angle between the pubes and the rectus ; it seer gi 
as if the triangular ligament had alone withstood the distending force of the hernia. Ic 
these cases, in which the prow oey 

Fic. 1495. trusion has done its worst on 
all the posterior wall of thee on 
canal between the rectus an 
epigastric artery has gone-— 


s yf ‘Plica hypogastrica and the large opening has = 
FH)... epigastrica triangular figure coinciding==—"g 


Z7 with the triangle of Hessel——_ 
VA 
Direct ingu hernia 










Speceneea Nite bach 
If strangulation occurs, 
it is apt to be at the exter- 
nal ring, and the incision 
Lf Obturator hernia for relief of the constriction 
\ should be upward with a 
\ slight inclination inward. 
Large oblique herniz 
(scrotal), especially when of 
Semidiagrammatn view of posterior surface of anterior abdominal wall long sanding end in on 
showing relate positions of various forms of hernia. (After Merkel.) = persons with relaxed abdom- 
. : j inal walls, may have the in- 
ternal ring displaced so far towards the median line by the weight of the hernia that 
it occupies almost exactly the usual site of exit of a direct hernia. The epigastric 
artery will, of course, still lie to. its inner side, but cannot be felt. As a rule, how- 
ever, a sufficient portion of the posterior wall of the inguinal canal will be left to pre- 
serve some obliquity of the neck ( Macready ), by which the hernia may be recognized. 


w= (inte rnal fossa} 
— Femoral hernia 







Plica urachi Supravesical fossa 
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Femoral hernia is more common in females than in males for reasons already 
i Cpage'2762).. It is cia the femoral *‘canal’’ is even less an 
passage than is the inguinal 


Only 

<> the ilio-pubie space, brid; Sa by Scaralveligonsis lia sear 
Severed i ey ore 

BE Setween two muscular compartments, however, fp ehaadngire pon mn a 
= =reat vessels of the ch sane poe Me ame ce iy eo their retroperitoneal 
B—osition in the abdomen and the thigh. space—the vascular compartment 
<< facuna vasorum)—is only partially occupied by the vessels. Their sheath is made 


==p lateral union, externally and internally, of the transversalis fascia anteriorly 
Se the iliac fascia pos- 4 


Teriorly. This at Fie. 1496. 
s<joes not embrace the 
-wessels closely until it 


<<lescends from a 

‘fo three-quarters of an , Bote 

Gnch below the rela- = ue, Apooenosls 
tively unyielding Pou- / ys oblique (cut) 
porta: ligament, about pac i 


opposite the upper 
margin of the saphe- 
nous opening, —i.¢., 
to a point at which, in 
the movements of flex- 
Zon and extension of the 
thigh on the abdomen, 
the vessels are less lia- 
Ble to injurious traction 
r compression. It is 
therefore infundibuli- 
form, and at its begin- 
ming there is a space— 
the femoral ring (annulus femoralis)—between the innermost side of the femoral 
vein, covered by a layer of fibrous tissue connecting the anterior and posterior walls 
of the sheath, and the outer curved margin of Gimbernat's ligament (Fig. 1496). 
This space varies in size with the degree of development of the latter structure, which, 
as has been said, is broader and stronger in males than in females, and with the size 
of the pectineus and ilio-psoas muscles. Its internal aspect and relations are shown 
in Fig. 1493. The ring is on an average from 12-15 mm. (44-4 in.) in width in men 
and from 18-25 mm, (34-1 in.) wide in women. The femoral canal leading down 
from it is occupied by loose, fatty areolar tissue and some lympathic vessels, The ring 
itself, as seen from within, presents on its surface, covered by peritoneum, a ve 
slight depression, Beneath the peritoneum at this point the extraperitoneal tissue is 
exceptionally abundant and is frequently the site of subserous lipomata which have 
been thought (Roser) by their traction to cause the peritoneal depression just spoken 
of, and even to account for the development of hernia. The septum erurale (sepfam 
femerale)—variously described as a condensation of the subserous tissue and as a 
portion of the transversalis fascia—fills in the ring and is perforated by a number of 
lymphatic vessels passing from the inguinal to the pelvic nodes, A small lymph-node 
hot infrequently lies on the septum beneath the peritoneum. 
The doundaries of the ring should be carefully studied in their relation to the 
neck of a femoral hernia. On the inner side is Gimbernat's ligament, which in child- 





Gimbernat’s ligament 
Deep dissection of right half of pelvis, showing attachments of iliac fascia. 


1774 HUMAN ANATOMY. 


hood is relatively undeveloped ; its outer edge and the vein may then almost tor <«<—souch, 
It is strengthened by the conjoined tendon and Colles’s ligament, while some fiat fibres 
of the iliac portion of the fascia lata and of the deep femoral arch (vide inn s=—=/ra) 
also contribute to the formation of the inner boundary. On the outer side is a= &s the 
femoral vein. Behind lies the horizontal ramus of the pubes covered by the orm <—rigin 
of the pectineus muscle and its fascia. In front are Poupart’s ligament and S&=3d the 
strong band of fibres running along its deep surface from the anterior superior = iliac 
spine to the pubic spine, and known as the deep femoral arch. At the point at wi ~<vhich 
the sheath of the vessels closely embraces them—the lowest limit of the femoral co—=canaj 
—the saphenous opening in the fascia lata (described on page 635) has somewmser -what 
the same relation to a femoral hernia that the external abdominal ring has to anax—=m in- 
guinal hernia. After emerging from these openings neither hernia is further arres=—==sted 
in its progress by any strong aponeurotic barrier, and they are both therefore n—ammnore 
likely to increase in size ; but in femoral hem= mia 
Fic. 1407. the change in direction of the axis of the fun-sm=dus 
as compared with that of the neck ism uch 
more marked. 

In its etiology femoral hernia confomme™ms 
to the general laws already enumerated (p==22¢ 
1759). As the knuckle of gut involved prs 
the peritoneum before it into the femoral r= = 
\ and down through the femoral canal, it eeaee 
‘aT ries before it (1) the extraperitoncal lisse=mt €' 

Bra anery (2) the septum crurale, when that constitus © < 


da a distinct layer ; (3) the femoral sheath, orm ™ < 










| Femoral vein 
etna’ nae (pro: times described as transversalis fascia becass—* = 
truding through the anterior layer of the sheath is derived fras— 
saphenous open’ that structure; (4) the cribriform fasce —_-: 
(5) the superficial fascia; (6) the skin. 

As the transverse axis of the femoral r= ae 
—parallel with that of Gimbernat's ligame==— ™ 5 
—is, in the erect posture, nearly horizontal ——— 


Superficial dissection of left femoral herni i - 

bate Kruding through saphenous opening. Pro’ femoral hernia first descends almost pepe 
dicularly. After it reaches the point of cl 

adhesion of the sheath to the femoral vessels it takes the direction of least resistans== ol 


and protrudes through the saphenous opening. Its neck is, of course, the portion 
the sac between the femoral ring and the bottom of the femoral canal. The body 
apt to be small and ylobular or hemispherical in shape. ce 

The following anatomical relations of the latter will be found of great importan 
in distinguishing between femoral and incomplete inguinal hernia. (a) The upp 
edge of a femoral hernia does not, as a rule, pass above the inguinal furrow ( 
670), although it may reach it,—/.¢., the hernia will be below a line drawn from —, 
anterior superior spine of the ilium to the spine of the pubes. This may usually —— 
determined by inspection. Exceptionally, on account of the stronger attachment + 
the cribriform fascia to the lower edge of the saphenous opening, the hernia finds i= 
direction of least resistance after emergence from that opening to be upward, whe = 
this sign will be fallacious. (6) The neck of a femoral hernia is external to the bia 
spine, that of an inguinal hernia internal to it. The already described meth f 
locating that process (page 349) may fail in very fat persons, especially in lemales—Fgs 
In that case the lower crease that in such persons crosses the abdomen (page 551) 
and which in the mid-line rests upon the symphysis pubis, will be a reliable guide —_— 
the latter point ; the bone may thence he traced outward to the pubic spine. 

In the reduction of a femoral hernia—apt to be difficult on account of the nar— 
rowness of the channel of exit—the position of the patient should be that alread-— 
described as appropriate when the hernia is inguinal. The thigh should be in a post 
tion of inward rotation, flexion, and adduction, to relax the fascia lata and relieve ten— 
sion about the saphenous opening. After the hernia—the axis of the body of whichs 
is nearly at right angles with the axis of the neck—is drawn downward so that the 
axes correspond, it ts gradually pushed backward and then upward. 


all 
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Tt should be noted that in this form of hernia the density of the aponeuroses 
that bound the femoral ring and the upper edge of the saphenous opening adds to the 
<vil effects of constriction of the hernia, which are also intensified by the congestion 
of its contents due to the sharp angle made by the sac as it presses forward upon the 

The constriction may be due to pressure against Hey’s ligament (page 636 ), 
Poupart's ligament, or Gim t's ligament. relations of the neck of the sac to 
the obturator artery (page 814 ), which once in three and a half cases arises from the 
pigastrie and in two-fifths of such cases passes across the femoral ring (Fig. 1498 ) 
or close to its inner border, should be recalled in performing herniotomy. About a 
Thalf-inch above and to the outer side of the ring lie the deep epigastric vessels ; the 
#emoral vein lies externally ; beneath the ring the pectineus fibres covering the bone 
=are often so thin that not enough room can be obtained by incision, which is therefore 
amade upward and a little inward, and preferably with a blunted knife that may divide 
‘the tense aponeurosis without damage to the vessels which, when they are present, 
lie in loose cellular tissue a twelfth to a sixth of an inch from the edge of the ring. 


Fic. 1498, 





Obturator artery from deep 
epigastric 


Pubic branch of obturator artery. 


Dissection of part of left half of pelvis and adjacent body-wall, showing obturator art arising from dee 
epigastric ans pl femoral Tine ht * ; 


Umbilical hernia is most conveniently divided from either a clinical or an 
anatomical stand-point into the congenifa/ and the acguzred forms. A congenital um- 
bilical hernia (hernia funiculi umbilicalis) is the result of a defect of development, 
the anterior abdominal wall failing to close in the region of the navel. Analogous 
malformations—harelip, spina bifida, vesical exstrophy—sometimes coexist. In addi- 
tion to intestine, other abdominal viscera may be found in the hernial contents ; and 
in marked cases the condition resembles an eventration (fissura abdominalis) rather 
than a hernia, Indeed, in some of its forms, the congenital variety is not a true 
hernia, for ‘‘ we are not concerned with viscera escaped from a cavity, but with viscera 
which have never entered it’’ (Malgaigne). 

In the lesser cases the gut—possibly Meckel’s diverticulum (g.z7. )—protrudes 
into the substance of the cord, separating the structures (page 53) and covered by 
a layer of embryonic tissue (the jelly of Wharton) and by the amniotic tissue con- 
tinuous with the skin. A thin avascular membrane directly continuous with the 
parietal peritoneum is sometimes present. These layers are rarely separately demon- 
strable, and are often so thin as to be transparent. 

In the cases in which only a very small knuckle of gut or a diverticulum is 
involved (hernia at the root of the cord) there may be merely thickening or enlarge- 
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ment at that point. If this is overlooked and the cord is tied within the limits <== of 
this enlargement, the intestine, if not previously replaced, may be included. ; 

Acquired Umbilical Hernia.—Usually, although the cord is tied at a short di&———His- 
tance from the abdominal wall, the stump separates on a level with the latter on 
account of the contraction of the elastic fibrous tissue around the umbilicus. TE ~ his 
cuts off the urachus and the vessels passing through the ring,—the two allantae = «Ic 
or hypogastric arteries and the umbilical vein. Viewed from within, the fibrax—»«>us 
cords representing these obliterated vessels would be seen converging to the pucker—=rx— 
umbilical scar, the vein from above, the urachus and the arteries from below. — as 
the usual contraction of fibrous tissue takes place, and as the abdomen grows, t—=mr@ he 
traction of these cords depresses the umbilicus so that anteriorly it lies a little belawe <°W 
the surrounding surface of the abdomen. The larger amount of tissue represent =a 
by the urachus and the two arteries and their close attachment to the lower ed, a 2° 
cause that portion of the umbilicus to become the stronger, the umbilical vein being le=====SS 
closely connected to the upper edge of the ring. 

In infantile umbilical hernia these changes are not complete, but when 
knuckle of gut protrudes through the umbilicus during infancy, as a result 
increased intra-abdominal pressure, it usually escapes between the vein and the upp=—=—==—" ot 
margif of the ring on account of their loose attachment. The coverings are pew eres 
toneum, transversalis fascia, and skin. These herniz are usually small, and are ota, 
cured spontaneously by the contraction of the umbilical and periumbilical scar tissu * : 
Their occurrence is favored by tight phimosis or by constipation, causing strain ne 
or by improper feeding, causing flatulence. After infancy umbilical hernia is ——a 
until adult life. 


a 
of 


ae a : . z 4 

The umbilical hernia of adu/ts is far more common in women than in men (9 e 

per cent.), and is especially favored by obesity—with accumulation of fat in th 
omentum and mesentery—and by repeated pregnancies. The coverings of such Pa 


hernia are peritoneum, transversalis fascia, superficial fascia, the fibrous tissue of th 
umbilical scar and the linea alba, and skin. 

For the reasons above given, it appears usually at the upper semicircumferences®—™ 
of the umbilical ring and often involves-the linea alba immediately above it,—a torn =o 
of ventral hernia. Such herni are very apt to contain omentum—the growth 0 #®“—_, 
fat in which often makes them irreducible—and portions of the colon, and, om 
account of the readiness with which fecal obstruction may be caused in the la: 
intestine, they are prone to incarceration. ss 

Ventral herniz protrude through the abdominal parietes at other points thaws © 
the umbilicus or groin, or than those weakened by the passage of vessels and nerves> 
from within outward. 

The most common are in the linea alba, between the umbilicus and a point 
midway between it and the ensiform cartilage (epigastric hernia). Above that they~ 
are very rare, as the effect of gravity is lacking and the contiguous viscera are less- 
mobile. Immediately below the umbilicus they are not uncommon, as the linea alba 
has still an appreciable width. Lower, where it has become a mere raphe, they are- 
very rare. They are often associated with subserous lipomata, and may be caused. 
by them. The protrusion of fat from the subserous tissue is thought to draw the- 
peritoneum out into a diverticulum which readily becomes a hernial pouch when 
intra-abdominal pressure is great enough. 

The /inca semilunaris, especially below the level of the umbilicus, is a not 
uncommon site of ventral herniw. It has been suggested that their position is de- 
termined by the fold of Douglas (page 522), — the semilunar lower margin of the 
posterior layer of the internal oblique aponcurosis, which fuses with the transversalis 
aponeurosis to form the posterior sheath of the rectus muscle, which ends about 
half-way between the umbilicus and the pubes, — Below that all the aponeuroses pass 
in front gf the rectus, leaving the posterior surface of the inferior portion of that 
muscle separated from the abdominal contents only by the transversalis fascia and 
peritoneum. 

Ventral hernia of the linea semilunaris near its lowest portion and direct hernia 
issuing through the internal inguinal fossa (page 1770) are indistinguishable, if not 
practically identical. 
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us Iumborum, anteriorly by the internal 
hen the latissimus dorsi is turned aside 
the transversalis (Fig. 7499). 

erior to Petit's triangle, the fibres of the 
ing on both sides in a case in which a lumbar 


gh the obturator canal, which runs downward, 
tal ramus of the pubes. The internal hernial 
orifice is at the fissure in the obturator 
internus muscle which its of the pas- 
sage of i vessels and ae hernia 
starting there t opening 
between the epee ee of the obturator 
membrane and the lower surface of the 
pubic ramus (Fig. 1500), and usually 
descends between the obturator externus 
and pectineus muscles to lie beneath the 
latter muscle and the adductor longus. 
Tt is therefore to be looked or felt for 
below the pubes and the inner end of 
Poupart's ligament, but at a point both 
lower and more internal than the site of 
mb femoral hernia. The thigh should be 
mt from within. flexed, adducted, and rotated outward to 
} relax the pectineus, adductor longus, and 

s this hernia occurs most frequently in elderly females, it is 

ner orifice of the canal may be felt hrouiek the vagina. The 
and the rigidity of the thin pectineus and obturator externus 
pressure symptoms of this hernia of exceptional diagnostic 
112 
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value. The obturator nerve, which is in close relation with the vessel and the 7 
of the hernia, supplies the hip- and knee-joints and the adductor muscles and aids =a 
furnishing sensation to the inner side of the thigh as low as the knee, and sometimas==—==™*> 
to the middle of the leg. Pain in these joints and in that region not othewis====— * 
explicable, and especially if associated with intestinal symptoms, should therefor <*¢ 
suggest a careful examination of the obturator region. 

Sciatic herniz include all the herniz that emerge from the pelvis through on- = ™=n 
or other of the sciatic foramina,—that is, (1) through the great sacro-sciatic forames=. === 
alongside of the gluteal artery (above the pyriformis) ; (2) through the same fora === 
men alongside of the sciatic nerve and artery (below the pyriformis) ; (3) throug} == 
the lesser sacro-sciatic foramen (Sultan). They are all very rare. The pevic=—>=— 
fascia forms one of the coverings of the sac. Within the pelvis the hernia is anteriommmam <> 
to the pyriformis muscle and sciatic nerve. On entering the thigh the sac crose=—=—==== 
over the nerve to its posterior surface, and is covered by the gluteus maximus. A= 
the rupture enlarges, it emerges from beneath the lower border of the gluteus andi > = 
descends the thigh, or may pass forward above the trochanter towards the groin. = 

When the hernia is small and makes no obvious swelling in the buttock, it is—==—= ! 
found at the spot where the sciatic artery is tied just outside the pelvis. A line iss ===! 
drawn from the posterior superior iliac spine to the trochanter major rotated inward, - 
and about half an inch below the junction of the upper with the middle third of this: <=! 
line the hernia enters the buttock (Macready ). 

Perineal herniz include those which pass through the outlet of the pelvis and = - E> * 
its muscular floor. The boundaries of the former are the glutei maximi and coccyx == 7 
posteriorly, the pubo-ischiatic arch anteriorly, and the great sacro-sciatic ligaments con- ints 
necting the coccyx and the tuberosities of the ischium (Fig. 1423). The coccygeus = * 
and levator ani muscles form the floor of this space, which is perforated by the rectum ax 
and urethra and vagina, and extends from the outer walls of these structures to the =< 
inner walls of the pelvis (Fig. 1424). It might be supposed that the comparatively 
yielding nature of the parts which close the lower opening of the pelvis would g>! 
favor the production of herniz, but, as Macready has shown, hernia through muscular #4 
planes is everywhere very infrequent. The normal oblique inclination of the pelvic floor =§-—™<— 


and its elasticity are doubtless factors in preventing the occurrence of perineal C= 
herniz. A hernia starting at the upper surface of the pelvic diaphragm must pass “== 
between the coccygeus and levator ani or between the fibres of the latter muscle, and a! 
will descend into the ischio-rectal space ( Fig. 1423 ), where it may cause a protrusion == 
of the skin of the perineum, or may advance towards the rectum (rectal hernia), -< 


the vagina (vaginal hernia), or the posterior portion of the labium majus (pudendal 
hernia). 

The development of perineal hernia is believed by Ebner to depend upon an =< 
abnormally low descent of the recto-uterine peritoneal fold which occupies Douglas's i 
pouch in the female or of the recto-vesical fold in the male. In the presence of such pee 
a fold, intra-abdominal pressure is able to carry a peritoneal pouch, with or without aaa 
included intestinal coils, to the right or left (its progress in the mid-line being Es 
arrested by the firm septum between the rectum and vagina or the rectum and 
urethra), so that it rests on the levator ani muscle, the fibres of which are often 
separated at places (Henle describes it as three muscles). Its subsequent downward 
progress has been noted (ze supra). ¢ 

A form of perineal hernia known as tnguino-perincal has been described (Coley ) 
in which the hernial sac accompanied—or followed—the misplaced testicle (ectopia 
perinzalis ) into the perineum. 

Diaphragmatic hernia are usually congenital and due to defective develop- 
ment of the diaphragm. A review of the anatomy of that muscle, with special refer- 
ence to its various openings and to the fissures between its sternal and costal and 
costal and lumbar portions (Fig. 549), will explain the occurrence of hernial orifices 
in certain situations, already detailed in connection with hernia of the stomach 
(page 1362). 

The symptoms are largely those due to gastric disturbance (when the stomach 
is involved ) and to alteration in physical signs caused by compression and displace- 
ment of the heart and lungs. 
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Internal (intra-abdominal, retroperitoneal) herniz are those which 
arise within the abdominal cavity, whether they develop in normal peritoneal recesses 
or in abnormal peritoneal recesses arising in a physiological manner (Brosike). 
The classification adopted by Sultan is sufficiently comprehensive to include all 
herniz coming under the above definition. Five varieties can be defferentiated : 
(1) hernia of the foramen of Winslow, (2) hernia of the duodeno-jejunal recess, 
(3) hernia of the retrocecal and ileo-ciecal recesses, (4) hernia of the intersigmoid 
recess, (5) retrovesical hernia. 

1. The hernia of the foramen of Winslow (Fig. 1475)—into the lesser peritoneal 
cavity, which may be regarded as a pre-existing hernial sac—is rare on account of 
the narrowness of the opening (page 1746), and Merkel believes that either an abnor- 
mally long mesentery or a retardation of the normal process of fixation of the colon 
must exist if portions of the intestine are present in the lesser peritoneal cavity. The 
part of the bowel involved is usually the colon. 

2. The duodeno-jejunal fossa, the orifice of which looks upward (Fig. 1501), 
is formed by a peritoneal fold and is usually to the left of the spine at the duodeno- 
jejunal junction. It may, in marked cases, receive the whole of the small intestine 
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which is then placed behind the posterior parietal peritoncum. The dueden.am ean 
be seen to enter the sac and the end of the ileum to leave it. The renal artery is 
behind the sac and the inferior mesenteric artery in front of it (Treves*. | The inferior 
mesenteric vein and sometimes the colica sinistra artery run in the upper margin of 
the oritice. 

3. The more important peritoneal fossie about the cecum are shown in Fig. 1502. 
They contain hernie with great rarity; the retroca:cal pocket extending: upward 
behind the cweum and ascending colon—has received coils of the lower ileum, 

4. By raising the sigmoid flexure and drawing it to the left. the intersigmoid 
fossa may be seen opening towards the left between the reot of the sigmoid mese- 
colon and the parietal peritoneum, — Tt is caused by the sigmoid artery, and is about 
over the bifurcation of the iliac vessels. It has been eccupicd by coils of small 
intestine. 

5. The plica hypog 
so exceptionally salicnt 
hernial pouch: 

All these internal hernia: have in common the essentials of abdominal hernia of 
all varieties, —viz., an orifice through which, by intra-abdominal pressure or by 








riea (Higamentum umbilicalis lateralis) Fig. 1487) may be 
as to form a deep peritoneal pocket becoming .t retrove 
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ACCESSORY ORGANS OF NUTRITION. 


In this group may be included the sp/een, the thyroid body, the parathyroids, the 
iymus body, the suprarenal capsules, and the anterior lobe of the pituitary body. 
These are sometimes called the *' ductless glands,'' but, as several of them are cer- 
tainly not glands, the name is unfortunate. To certain members of the above group, 
=s the thyroid and suprarenal bodies, the designation ‘ het ed of internal secretion" 
amay approptiately be applied. Considered morphologically, they do not belong to 
=any one system ; but on the whole it may be said without grave error that they are 
concerned in nutrition, and that disease of several of them manifests itself by certain 
tolerably well-defined symptoms indicating a serious disturbance of nutrition, differ- 
ing according to the organ involved. 


THE SPLEEN. 1781 


THE SPLEEN. 


The spleen is essentially a lymphatic organ. It is of a purplish color and of 
yery friable structure, and is situated in the left hypochondrium behind the stomach. 
The weight is excessively variable, changing with the state of digestion, and liable 
to immense increase in certain diseases, as well as to slighter modifications in others. 
Sappey gives the average weight in ten men as 195 gm. (approximately 7 oz. ). 
The specific gravity is variously stated between 1.037 and 1.060. The length, ac- 
cording to Sappey, in the same ten men was 12,3 cm. (4% in, ). 
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The shape of this delicate organ has been but recently understood, through 
methods of hardening ix situ. It depends so essentially on the neighboring viscera 
that what may be the most usual arrangement of several details still remains to be 
determined. We follow Cunningham in describing a triangular dasal surface at the 
lower end, although it is by no means always to be recognized. Besides this there are 
three distinct surfaces,—the phrenic, the rena/, and the gastric,—all of which meet 
at a rounded point at the top of the organ. 

The phrenic surface is convex. It is the largest and gives the general out- 
line of the organ. It lies against the diaphragm in the left hypochondrium. The 


a 
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outline of this surface is that of a lozenge enclosed by an anterior and a 
border, one point being above and behind, the other below and in front. Thu 
the main the long axis corresponds to the course of the lower ribs, which some 
make impressions on this convex surface. The enlerser border, Saat ae 
erenalus, separating this surface from the gastric, is sharp, especially below. It 
shows one or more notches in 93 per cent." of the cases, are! 


fl 


eye nel 
mon in the lower part of the border, s huth id sosnetiones quits Sate a 
terior border, formerly the margo obtusus, the phrenic surface from 

renal, is much less prominent. Parsons found n in it in 32 per cent.; but the 


eee eee different from the being in the 
main solid and uniform. The phrenic sa tiog occasionally (20 per cent.) presents a 
oY encarta ia cobsas It usua a oe ee 

and runs some distance across this ce, forward and upward. — fre- 
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* Postero-lateral wall of tormalfs snbjec{ bas been removed to show relations of foyy by another de: ot 
being for the most part moulded over the stomach. It contains the Az/um, a fissure 
some inch and a half long, running parallel to the intermediate border and about 
one-half inch distant from it, which receives the vessels. The part of this surface 
which is not against the stomach is at the lower end, and rests against the splenic 
flexure of the colon. In some cases, when the stomach is contracted and the colon 
distended, the relative areas of the two may be reversed. Moreover, the omentum 
may reach the spleen between them. The tail of the pancreas may touch the right 
part of this surface or, if long, lie against the spleen just above the colon. 

The basal surface is a triangular area, much smaller than the other surfaces. 
It is enclosed by the lower part of the posterior border of -the spleen and by two lines 
diverging from the lower end of the intermediate border. One of these separates 
the basal surface from the gastric and the other from the renal surface. One or both 
of these lines may be so rudimentary that the base may seem a part of either the 


} Parsons: Journal of Anatomy and Physiology, vol. xxxv., I901- 
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rastric or renal surface, more often the former, or it may appear simply as a knob at 
he inner side of the lower end. This knob, the zzferior tubercle, is usually more or 
ess evident at the termination of the intermediate border. 

Structure.—In addition to the serous covering contributed by the peritoneum, 
he spleen is completely invested by a distinct capsule, or tunica albuginea, composed 
£ dense bundles of fibrous tissue, numerous elastic fibres, and, in its deeper layer, 
parsely distributed bundles of involuntary muscle. At the hilum the tissue of the 
apsule is continued into the organ, supporting the blood-vessels and nerves. The 
apsule likewise gives off numerous trabeculz which pass into the substance of the 
‘and and break up into innumerable delicate processes which unite to form the sup- 
vorting framework. : 

Mall' has shown that this framework is arranged with greater regularity than was 
ormerly recognized, since the trabeculze subdivide the spleen into fairly regular com- 
vartments, the splenic lobules, measuring about 1 mm. in diameter. Each of these 
inits is bounded by three znterlobular trabeculae, from which secondary intralobular 
processes penetrate into the lobule, whereby the latter is subdivided into about ten 
primary compartments. These, as well as the lobules themselves, are not isolated, 
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Section of spleen under very low magnification, showing general arrangement of splenic tissue. X 10. 


yut freely communicate, since the intervening trabeculz form only incomplete parti- 
ions. The spaces within the fibrous framework are filled with the highly vascular 
ymphoid tissue constituting the splenic pulp. 

The relation of the blood-vessels to the lobules of the spleen is, according to 
Mall, very definite. The branches of the splenic artery, after entering at the hilum 
ind running for some distance within the trabecule, break up into smaller vessels, 
zach of which enters the proximal end of the lobule, through the middle of which it 
passes, giving off lateral twigs, one for each primary compartment of the lobule. 
The lymphoid tissue occupying the compartment is arranged as anastomosing cylin- 
drical masses, the pu/p-cords. Within the latter course the terminal branches of the 
splenic arteries, while outside and between the cords lies the plexus of venous spaces 
rom which the more definite channels, the intra/obular veins, arise. The terminal 
urteries within the pulp-cords give off numerous small branches which terminate in 
ninute expansions, the ampulle of Thoma. The latter communicate with the venous 
spaces surrounding the pulp-cords, so that finely divided substances, such as metallic 


* Johns Hopkins Hospital Bulletin, 1898 ; Zeitschrift f. Morphol. u. Anthropol., Bd. ii., 1900. 
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pigments, when injected into the arteries, pass into the veins. The walls of the 
ampullz are very thin and, towards the junction with the venous radicles, imgo>ert- 
fect, being here composed of the reticulum of the surrounding pulp-tissue. ~ 2 he 
channels, however, are sufficiently definite to prevent the escape of the blood-c—ells 
under normal conditions, although the plasma constantly passes into the intercellwm—a lar 
spaces of the pulp (Mall). The walls of the venous spaces are even more perva <>US 
than those of the ampulla, and, like the latter, possess only an incomplete endothe==I ial 
lining, supported externally by a mesh of circularly disposed elastic fibres. The em <cilo- 
thelium consists of narrow, elongated spindle-cells instead of the usual plate-like —Ie- 
ments which line the larger splenic blood-vessels. The round or oval nuclei pro=ge<ct 
into the lumen of the venous space beyond the level of the protoplasm of the cell, wham 2 ch 
often presents a distinct striation. ae 
The venous spaces between the pulp-cords are the beginnings of more defir—am Bte 
channels, the :ntra/obular veins, which pass from the primary compartments towa. 2 
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the trabeculz between the lobules to become tributaries of the larger txterlobular 
veins occupying the periphery of the lobules within the boundary septa. These veins 
follow the larger trabecule until, finally, they emerge at the hilum to form the splenic 
vein. 

In their journey through the lobule, shortly after leaving the trabeculz, the 
branches of the splenic artery present marked local accumulations of lymphoid tissue 
within their adventitia. These aggregations constitute the Afalpighian bodies, or 
splenic nodules. When seen in transverse section, they appear as conspicuous oval 
areas of dense lymph-tissue surrounding the artery, which usually occupies a somewhat 
eccentric position. _Longitudinally sectioned, the splenic nodules appear as cylinders. 
They correspond in structure with true lymph-nodes, possessing germ-centres. Sur- 
rounding the Malpighian bodies, the spleen-tissue presents the usual arrangement of 
the pulp-cords. 

The splenic pulp consists of a delicate supporting reficu/um, continuous with 
the terminal ramifications of the intralobular trabeculze, and the cells contained within 
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wand ¢ ed by the mesh-work. The fulp-cells include a variety of elements, the 
‘most constant of which are ; (2) small mononuclear lymphocytes ; (4) leucocytes of 
the mononuclear and polymorphonuclear types ; (¢) red blood-cells ; (¢) nucleated 
xed blood-cells; (¢) large 
pohagoc ‘ containing Fic. 1507. 
or ‘ les deri 
from the iaeracicn of the 
same; (/) giant-cells with 
‘Large composite nuclei, chiefly 
En young animals. In addi- 
tion a variable amount of free 
eee is present, probably 
m the broken-down red 
Blood-cells. | During embry- 
onic life and later, in response 
to unusual demands for addi- 
tional red blood-cells, as after 
severe hemorrhage, the spleen 
eee of eatin peor 
corpuscles ; these are at first A 
rucleated, but soon lose their Panera lee tack Se showing its relations to sur- 
nuclei, 
_ Peritoneal Relations.—The spleen is developed in the posterior piri 
trium, and usually retains all, or nearly all, of its original serous coyering, which is 
reflected at the hilum over the Jencks, The splenic artery reaches the spleen 
through the peritoneal duplicature known as the /teno-renal or lieno-phrenic fold, 
which leaves the abdominal wall at the tail of the pancreas. The vessels for the 
stomach leave the artery before it enters the spleen by the fold known as the gastro- 


Fic. 1508. 





Section of spleen, showing details of pulp-tissue. » 300. 


Splenic omentum, which extends forward to the greater curvature and above to the 
back of the fundus of the stomach. These two folds, stretching respectively back- 
ward and forward from the hilum, bound a part of the lesser cavity of the peritoneum. 
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also a few superficial ones. They empty into a little group of lymph-nodes at the 
tail of the pancreas. 

The nerves, from the solar plexus, enter the hilum with the vessels. 

Development and Growth.—The splenic anlage appears about the fifth 
-week of fcetal life as a slight condensation of the mesoblastic tissue of the meso- 
gastrium, associated with local thickening of the mesothelium clothing the left surface 
of this serous fold. According to Tonkoff,' the mesoblast is invaded by migrating 
cells from the mesothelium, which play an important rdle in the production of the 
pulp-cords, the trabeculz resulting from the differentiation of the vascular mesoblastic 
tissue. The Malpighian bodies appear relatively late as accumulations of young 
lymphocytes. 

At birth the spleen weighs from 10-15 gm., and is said to be relatively rather 
large. In the fcetus accessory spleens are found very frequently along the course of 
the splenic vessels. On the other hand, Parsons seems to find the surface of the 
spleen more regular than in later life. The fissures on the convex surface are less 
frequent and less deep. The great size of the liver in the foetus brings the left lobe 
into contact with the spleen. The relatively large suprarenal capsule nearly or quite 
separates it from the left kidney. 

Accessory spleens’ are common, but they are not all of the same signifi- 
«ance. Some are constricted parts of the spleen which have become separated, 
mostly from the anterior border, and are connected with the organ only by fibrous 
tissue. Others, found chiefly in the greater omentum near the hilum, are apparently 
distinct masses of splenic tissue. Many of them, however, have no Malpighian 
corpuscles, are intermediate between the spleen and the lymph-nodes, and, proba- 
bly, are to be classed as hemolymph-glands. They are said to be found some- 
times within the pancreas. It is not impossible that certain irregular nodules occa- 
sionally found on the spleen near the hilum are due to the fusion of such accessory 
spleens. Otto has seen twenty-three accessory spleens in one body. They are 
usually of the size of a pea. 

Surface Anatomy.—The relations of the spleen to other organs have been 
described, but it should be stated that the phrenic surface lies beneath the ninth, 
tenth, and eleventh ribs (sometimes the eighth also), and that its long axis is that of 
the shafts of these ribs. It is important to note that the spleen is situated behind the 
stomach rather than to the left of it, so that in general language the organ is more in 
the back than in the flank. The highest level of the spleen is opposite the body of 

the ninth thoracic vertebra, and its lowest opposite that of the first or second lumbar. 
A line from the top of the sternum to the tip of the eleventh rib should be entirely 
anterior to the spleen. 
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The spleen may be congenitally absent, or it may be of extremely small size,— 
no larger than a walnut ; or there may be supernumerary spleens connected with the 
main gland ; or there may be multiple spleens entirely separate and lying in the 
folds of the greater omentum, the gastro-splenic omentum, or the transverse meso- 
colon. It is conceivable but unlikely that these anomalies may lead to mistaken 
diagnoses. 

The outline of the normal spleen is difficult of accurate determination by either 
palpation or percussion because (a) it is covered in front by the stomach, the cardiac 
end of which—if the stomach is distended—completely overlaps it ; (6) posteriorly 
it is covered at its lower portion by the diaphragm and by the tenth and eleventh 
ribs and the thick muscles overlying them, and at its upper portion by the same 
muscles, the diaphragm, the ninth rib, the pleura, and the lung; (c) inferiorly it is 
in contact internally with the upper end and part of the outer edge of the left kidney, 
and externally with the splenic flexure of the colon; (d@) the upper part of the 
hrenic surface is occasionally in contact with the left lobe of the liver (Quain) ; (¢) 
it is the most variable in both shape and size of all the abdominal viscera ; (/') it 

' Archiv f. mikro, Anat., Bd. Ivi., 1900, 
7 Consult articles by Parsons and by Haberer, just noted. 
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changes in position with the movements of the stomach, having its longest diames—“ 


vertical when the latter is contracted and horizontal when it is distended. 


These relations sufficiently explain the difficulty not only in determining Ft 
size of the normal spleen, but also in distinguishing by percussion its abnorme™ vy, 
enlargement from cases of colonic fecal impaction, of tumors of the left kidnes Sp 


of large plastic exudate at the base of the left pleura or lung, of hypertrophi® 


cirrhosis involving the left lobe of the liver, and of certain growths of the stomach 
or omentum. 

In cases of hypertrophy or of swelling of the spleen, as in malaria (‘‘ ague-cake’”’), 
palpation is often of more value than percussion, the sharp crenated anterior border 
being recognizable below the tenth costal cartilage. Physiological increase in size 
occurs during digestion, but pathological enlargement may follow portal congestion, 
leukemia, malaria, typhoid, or other infectious disease, including most forms of general 
sepsis, or may result from infection of the splenic substance. It may—as in some 
malarial and leukaemic cases—so enlarge as to occupy most of the abdominal cavity. 
It is then closely applied to the parietes, and is not, like renal tumors, covered ante- 
riorly by the intestines. 

Enlargement of the spleen in infants is often due to inherited syphilis, and if it 
occurs at the age of two or three months is usually of that character. It is of more 
diagnostic value than enlargement of the liver, because that organ is normally dispro- 
portionately large in infancy, and because other causes than congenital syphilis lead 
to its enlargement. 

In all forms of enlargement of the spleen in children there is said to be more 
relative encroachment upon the thoracic cavity than in adults, owing to the firmer 
support of the phreno-colic ligament in young persons (Treves). Whenever it is 
greatly enlarged, at any age, it is apt to push upward the diaphragm and compress 
injuriously the base of the left lung and the heart. In splenic tumors, therefore, 
irregular cardiac action and dyspncea are often present fot mechanical reasons as well 
as on account of the associated anzemia. 

The normal movements of the spleen are not so much affected by respiration as 
are those of the liver, which is more closely and extensively connected with the dia- 
phragm. It rises slightly in expiration and descends during inspiration. It is 
pushed down in emphysema and in left-sided empyema, haemothorax, or pneumo- 
thorax. It is pushed up by ascites or by intra-abdominal new growths. 

Its relations explain why aéscesses of the spleen (usually due to septic emboli, as 
in pyzmia or septicemia, typhoid fever, or ulcerative endocarditis ) open spontaneously 
in the following directions: (1) Into the general peritoneal cavity (the most fre- 
quent). (2) On the cutaneous surface below the costal margin anteriorly or poste- 
riorly. (3) Into the large intestine. (4) Into the left pleural cavity. (5) Into 
the left kidney. 

Movable spleen (dislocated, floating, wandcring spleen) occurs only in adults, 
and is especially found associated with some degree of splenic enlargement—in- 
creasing its weight—in persons with relaxed or flabby abdominal walls. It is, there- 
fore, often found in anemic multiparw, as it is held in position normally not only by 
the phreno-splenic and phreno-colic ligaments, but also by the pressure of the other 
abdominal viscera due to the general tonicity of the abdominal muscles. 

In such cases, after elongation of the phreno-splenic ligament, the spleen falls 
forward, lics horizontally with the hilum directed upward, and is sustained only by the 
gastro-splenic attachments and the vessels, thus drawing the stomach downward and 
causing serious gastro-intestinal disturbance, or possibly, if the vessels are twisted 
and obliterated, a fatal peritonitis ( Shattuck ). 

In exceptional cases a movable spleen may reach the pelvis. 

From a movable kidney a wandering spleen may be distinguished by the super- 
ficial position of the latter, its shape, the disappearance of the spleen from its normal 
position, and the absence of urinary symptoms. 

Hounds of the spleen, if posterior, usually involve the diaphragm and the hase 
of the left pleural cavity, or, if higher, the lung itself ; if anterior, the stomach may 
he penetrated. In gunshot wounds the kidney, colon, or pancreas may likewise be 
invelved, 
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antero-external surfaces of the lateral lobes. The isthmus varies much in siz~” * 
and is often more or less incorporated in one of the lobes. In 10 per cent. it 
absent.' An upward projection, the pyramidal process, rising from either the isthm 
or one of the lateral lobes, and usually regarded as a remnant of the median anlag¥ 
ot the thyroid, is found more or less developed in probably half the cases. A typical 
one reaches the hyoid bone, to the body of which the process is generally attached “4 
either by muscle or ligament. It is rarely quite median, being more frequently found 
on the left. Statements as to its frequency vary greatly. Streckeisen’ says it is 
wholly wanting in only about 
Fic. 1510. . 20 per cent.; but, since goitre 
— is common in Switzerland, his 
sources of information are not 
of the best. Zuckerkandl, 
however, puts the occurrence 
Superior cornu of of the process at 74 per cent. 
thyroid cartilage Gruber, in Russia, found it in 
only 40 per cent., and Mar- 
shall, in England, in 43 per 
cent. We incline to believe 
Oceasional formmen — that these latter figures rep- 
resent the more common pro- 
Thyroid cartilage portion. 
The thyroid lies beneath 
the group of infrahyoid mus- 
__ Cles, from which it is separated 
—Cricotlsroid by the middle layer of the 
cervical fascia. The sterno- 
mastoid muscle crosses the 
lower part of the lateral lobes. 
The inner surface lies against 
the trachea, the cricoid carti- 
lage, and the lower posterior 
Isthrous part of the wings of the thy- 
roid cartilage. It reaches back 
to the cesophagus, which it 
Lobute touches on the left, and some- 
times on the right also. It 
may touch the lower part of 
the pharynx on both sides. 
The sheath of the carotid lies 
against the posterior surface at 
its outer border and is in part 
external to the organ. The 
common carotid is usually be- 
hind the thyroid and the inter- 
nal jugular vein beyond it. 
‘Thyroid body 1 sifu; anterior aspect. This explains how an enlarged 
gland insinuates itself between 
these vessels. Frozen sections show that often the carotid is external rather than 
posterior to the organ, but still in close relation to it. Internal to the carotid 
sheath, it rests behind against the prevertebral fascia. The inferior thyroid arteries 
enter the lateral lobes from the inner side and the superior thyroid arteries from the 
antero-external. The middle cervical sympathetic ganglion is behind. The inferior 
laryngeal nerves lic at its inner surface, the left one being in actual contact with the 
thyroid and the right one at least very close to it. The sheath connects the thyroid 
body very closely to neighboring parts. It is so firmly bound to the trachea as to 
follow its movements. Median bands to the cricoid and thyroid cartilages have been 


' Marshall; Journal of Anatomy and Physiology, vol. xxix., 1895. 
* Virchow's Archiv, Bd. ciii., 1886. 
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gui as ligaments. A lateral ligament {rom the inner side of the 
Reed ie tolersbiy wal detved It passes backward and upward to the first ring 
©f the trachea, to the cricoid, and perhaps to the inferior horn of the thyroid. The 
fevator glandule thyroidee is a small muscle often found passing down from the hyoid 
bone to the capsule. It may or may not be connected with the pyramidal process, 


Fic. 151i. 
Sterno-thyroid muscle Sterno-hyoid muscle 
\ 





Inferior thyroid artery 
Prevertebrat fa: Trachea 


Anterior part of frozen section across neck, showing relations of thyroid body. 


Structure,—Although in principle corresponding in its development with other 
compound alveolar glands, the thyroid body foceaie no excretory ducts and pre- 
sents peculiarities in the structure of its terminal bee epee The fibro-elastic 
capsule investing the gland gives off septa which subdivide the organ into the chief 
lobules, the latter being composed of smaller compartments separated by thin parti- 
tions of connective tissue. These subdivisions, or primary lobules, from .5-1 mm. 





Section of thyroid body, showing acini in various degrees of distention. & 100. 


in diameter, contain a variable and usually large number of terminal vesicles or folli- 
cles which correspond to the alveoli or acini of ordinary glands. The delicate and 
highly vascular framework supporting the follicles consists essentially of fibrous con- 
nective tissue, elastic fibres being few or entirely absent. 


The acini vary greatly in size (.050-.200 mm.), depending upon the amount 
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of secretion and the distention of the acini. Their lining consists of a single layer = »er of 
fairly regular polygonal cells, about .o1o mm. in diameter, the height of the ca»—=> cells 
varying with the dilatation of the follicle. In young subjects, in whom the acini = i are 
generally less completely filled than in older ones, the epithelium of the follic—» @ licles 
approaches the columnar type. A similar condition is often to be noted in certs #—mrtain 
acini, even in thyroids in which the usual distention affects the majority of follicle & —> cles 
A distinct basement membrane is wanting, the cells resting directly upon a somewl- ~surhat 
condensed stratum of the surrounding connective tissue. Since the epithelial lini = a—mning 
is the source of the peculiar colloid secretion of the gland, the cells ordinarily co—2»—2on. 
tain a variable number of highly refracting granules, particularly in the zone nex a™exr 
the sac. The peculiar substance or colloid commonly found within the follicles ====s of 
the adult organ is regarded as a proteid, although its exact chemical characterist = <tics 
are still uncertain. The consistence of this substance varies, being more fluid in 
young than in old glands. Its varying appearance within the follicles, as vac.—ssuo- 
ated, reticular, or shrunken, is referable to the action of reagents, in its natu mnral 
condition the secretion being homogeneous and entirely filling the follicle. T he 
differentiation of the epithelial lining of the acini into chief and colloid cells (Lam=—78" 
endorff), as representing distinct elements, is doubtful, since specific differenc——<& 
probably do not exist. 
Vessels.—The blood-supply is very generous, coming from two pairs of re B= 
tively large arteries, the superior thyroids from the external carotids, and the =" 
tee cyrolce: iat a 
Fic. 1513. subclavians. esuperl — 
si descend to the top ue —* 
Eee ge oscn ee ran rams 
zy over the front of the orga —_— : 
sending branches to (aaa 
interior, and sometime = 
meeting on the isthmus a 


The inferior arteries pa—_+— 
upward behind and ente= 






‘Interlobular the organ on its inner su Ss 
vemels face. Their relations = - 
the inferior laryngeal nei 


are of practical impo: —. 
tance. In 437 obsena== i 
tions' the artery was fou 


y t : 
—_ Capillary in front of the nerve —_—— 


Currounding the right in about 41 pes ar 
acinus cent. and on the leh ime 


63 per cent. In over 1+ : 


. ; ae per cent. of the cases th -_-™ . 
: Pied )_Acinus con- ° = 
ew a EN or se | taining cot. branches were so intera™ 
a | told laced that the relation — 
‘ uncertain. It is evidena— = 
Section of injected thyroid body. ¥ 46. that in enlargement of the = ey 
thyroid body, with conse “== 
quent enlargement of the arteries, the number of such indefinite relations would bo 
very much increased, as very minute branches would then spring into importance— 
An enlarged tortuous artery tends to curl around the nerve. There was no artery o 
the right in one case and none on the left in five cases of this series. An artert 
thyroidea ima springing from the arch of the aorta and ascending in the median line i— 
occasionally seen. From the rich superficial arterial plexus numerous branches pass 
along the interlobular septa, following the ramifications of the latter to the follicles, 
where the arterioles break up into capillaries. These surround the follicles with clase- 
meshed net-works, which are often common to the adjacent sacs, resembling the 
capillary net-works around the pulmonary alveoli. 
The vemns are very numerous. Emerging from the organ, they form a large 


' Dwight: Anatom. Anveiger, Bd. x., 1895. 
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‘aattned aed jacent downward to. pre eal lymph-nodes. 

The pale for the cceliors from the cervical sympathetic, It 
is probable that filaments are contributed by sympathetic fibres running in y 
Beene ese Jaryogeal and the hypoglossal nerves. In addition to the fibres 


destined for the walls of the blood-vessels, the tefminal twigs end around the 
in close relation with the genmee epithelium. : 

Development.—The thyroid is devel from three anlages, an i 
median and two lateral. The median anlage (Fig. 1521) appears in embryos of from 
3-4 mm, as an epithelial outgrowth from the anterior wall of the primitive pharynx 
eee ene ct ms second ae mre and promise: in ae i s9 with the 
posterior part tongue. At first possessed of a narrow lumen, the evagination 
soon loses its cavity and becomes a solid pyriform mass, which for a short time is 
connected with the pharyngeal wall by a delicate epithelial strand. Usually the latter 
soon disappears and the isolated median Sa Are which meanwhile rapidly increases 
as a bilobed mass, passes to the lower | of the lateral anlages. position of 
the primary outgrowth is later indicated by the depression on the tongue, the fore- 
men cecum, just behind the apex of the V-row of the circumvyallate papilla, Occa- 
sionally the evagination persists, and then forms the éAy7o-g/ossal duct, a narrow tube 
Statdiog for a variable distance from the tongue to’ the thyroid body. The 
fateral anlage appears on each side as an epithelial outgrowth from the ventral wall 
of the fourth pharyn furrow (Fig. 1521), the minute pocket soon becoming trans- 
formed into a sac, which early separates from the pharynx. The three primary rudi- 
ments yentrally, and later, in embryos of about 20mm., join to form the itive 

id surrounding the larynx. Of the three, the median anlage contributes the 
most important part of the thyroid body. Comparative embryology emphasizes the 
i of the median anlage as the thyroid proper ; indeed, participation of 
the lateral rudiments in forming the organ in certain animals is denied (Verdun). 
The histogenesis of the thyroid includes two stages, the first being distinguished by 
numerous cylindrical epithelial cords from which grow out lateral branches. The 
second stage witnesses the fusion of these epithelial cords into a net-work the meshes 
of which are occupied by vascular mesoblastic tissue. During the third foetal month 
the epithelial reticulum breaks up into masses corresponding to the follicles of the 
These gradually acquire a lumen around which the cells become arranged 
to constitute the epithelial lining of the compartments in which later the characteristic 
colloid substance is secreted. The thyroid agrees with the parathyroids and the 
us in originating from the walls of the primitive pharnyx and, likewise, in devi- 
ating in its later development from its primary correspondence to a typical gland. 

Accessory Thyroids.—Small detached bodies of the same structure as the 
thyroid are occasionally found about the hyoid bone in the median line, both before 
and behind and sometimes below it. They are remnants of the median thyroid diver- 
tieulum from the primitive pharynx, sometimes represented by the thyro-glossal duct. 
This passed originally in front of the hyoid bone, thus accounting for suprahyoid 
and prehyoid accessory thyroids. Those behind and below the hyoid are probably 
the result of an upward or downward growth from the primary diverticulum, 
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the aorta and the pulmonary artery after they have emerged from the heart-sac. It 
is in contact witha large part of the arch of the aorta, and is grooved on the posterior 
surface by the innominate veins and the superior vena cava. If strongly developed, 
its highest part may rest on the trachea and even on the cesophagus where this tube 
appears on the left of the former. It extends laterally on each side into the interval 
between the pericardium and the pleura. At the time of its greatest size, a hori- 
zontal section in this region shows the thymus as a thick crescent ( Fig. 1518), which 
becomes thinner as the organ atrophics. Behind the very top of the sternum its out- 


Fic. 1516. 
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Dissection of new-born child. showing thyroid and thymus bodies im sits. 


line on section is roughly quadrilateral. One or more fibrous bands from the thyroid 
body to the capsule of the thymus are known as the suspensory ligaments. The 
internal mammary vessels run in front of it. 

Weight and Changes.—According to Friedleben, the average weight of the 
thymus at birth is 13.75 gm. ; the statements of authors, however, vary widely, Sappey 
giving 3 gm. and Testut, from twenty observations, an average of 5 ym. When heavi- 
est, about puberty according to Hammar, its average weight is 37.52 gm. Atrophy 
and the replacement of thymus tissue by fat set in while growth in length is still pro- 
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stages of red blood-cells, and therefore must be regarded, at least exceptionally, as a 
blood-forming organ. This function, however, is denied by Hammar. 

The medullary substance, although varying in its details according to the gen- 
eral condition of the organ, consists of a supporting framework, composed of 
brancing cells, within the meshes of which lie small mononuclear lymphocytes, less 
frequently polymorphonuclear leucocytes. Occasional eosinophiles are seen along 
the blood-vessels, as well as multinuclear giant cells. Islands or cords of flattened 
elements, regarded by many as epithelial in nature and derivatives of the primary 
entoblastic anlage, also occur. The medulla of the fully developed thymus, or of 
the organ just entering upon its retrogression, contains numerous spherical or ellip- 
soidal masses of concentrically disposed, flattened modified cells. These bodies are 
the corpuscles of Hassall, which were formerly regarded as the remains of the epithe- 
lium of which for a time the thymus was composed. Found only in the medulla, 
they vary greatly in form and size, sometimes being simple spherical masses (.012— 
-020 mm. in diameter), at others composite bodies (.1 mm. or more in diameter) 
consisting of aggregations of small groups. The centre of the concentric bodies 
often consists of slightly glistening, homogeneous, or granular substance which is 


Fic. 1519. 
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Transverse section of thymus body of child, showing general arrangement of lobules. X 25. 


albuminous, not fatty, in nature. According to Hammar, the corpuscles of Hassall 
arise from hypertrophied reticulum cells, the latter being directly derived from the 
primary epithelium. 

Vessels.—The arteries are chiefly from the internal mammaries, but small 
branches may come from the thyroid as well as from the pericardial arteries. The 
arteries gain the interior of the lobule, and break up into capillaries along the junc- 
tion of the cortical and medullary zones. The cortex is provided with a rich capil- 
lary net-work, the medulla being relatively poorly supplied. The veins between the 
lobules, which chiefly drain the capillaries, unite to form the larger trunks carrying 
the blood from the organ. These run in many directions, the most important being 
tributary to the left innominate. The Jmphatics are large and numerous, and empty 
into nodes behind the sternum. Traced into the interior of the organ, the lym- 
phatics follow the connective-tissue septa to the lobules, around which they form a rich 
plexus. Although it is probable that the lymph-paths come into close relations with 
the thymus-tissue, the existence of intralobular passages, corresponding to lymph- 
sinuses, has not been established. ‘ 
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thymus structure is largely replaced by fibrous and adipose tissue, vestiges of the 
characteristic tissue, however, persisting (Fig. 1522). 

In addition to the chief anlage from the third pharyngeal pouch, a rudimentary 
outgrowth occurs from 
the ventral wall of the Fic. 1522. 
fourth one, external to 
the origin of the lateral 
thyroid. According to 
Groschuff,' this anlage 
may persist in man as 
the parathymus, a small 
body which occurs in 
close association, or 
even encloses, the para- 
thyroid derived from 
the dorsal wall of the 
fourth pouch. The lat- 
ter, therefore, corre- 
sponds to the third 
pharyngeal pouch in 
giving rise to both a 
parathyroid and a thy- 
mus ; in addition it pro- 
duces the lateral thy- 
roid anlage. 
Brenaut, and hers, SCom et min Ba a fis pe hosing rane a 
the transformation of 
the thymus into a lymphoid organ occurs as the direct conversion of its original 
epithelial elements into lymphocytes and not by invasion of pre-existing lymphoid 
cells. While accepting such origin for the reticulum, Hammar’ regards the lymph- 
ocytes as entering from without. i 
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These are a pair of cocked-hat-shaped bodies situated at the back of the abdo- 
men, on the inner aspect of the upper ends of the kidneys. Each has a éase, or 
renal surface, corresponding to the bottom of the hat, and an anterior and a posterior 
surface, the basal borders of which are concave and look outward and downward. 
There are an upper and a lower angle at either end of the base. The inner convex 
border tends, especially in the right capsule, to present a third angle rather above 
the middle. Thus the right one is more triangular and the left more crescentic. 
They may be 6 or 7 cm. long and about half as broad. The thickness does not 
probably often exceed 2 cm. The Jase is concave, adapted to the kidney, of which 
it overhangs the anterior surface. The lower end is much thicker than the upper. 
The concavity deepens above into almost a furrow filled by areolar tissue. The an- 
terior surface bears a deep fissure, the Ai/um, in the main parallel with the base, sub- 
dividing it into two approximately equal regions. The fostertor surface is con- 
siderably smaller than the anterior, owing to the projection of the latter over the 
front of the kidney. It also presents a fissure nearly parallel with the base-line, but 
neither extending the whole length of the organ nor so deep as the front one. 

In color the suprarenals are of a dirty yellowish brown and more or less pig- 
mented. They weigh 6 or 7 gm. The left one is usually the larger. 

Relations.—The éasa/ surfaces are on the kidneys. The posterior surfaces 
are against the diaphragm. The anterior surface of the right capsule has its lower 
inner part behind the inferior vena cava. The part of the lower end near this may be 
behind the duodenum. The remainder is in contact with the liver. The highest 


' Anatom. Anzeiger, Bd. xvii., 1900. 
7 Ibid., Bd. xxvii., 1905. 
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part is between the non-peritoneal posterior surface of the liver and the abdominal 
wall. This, of course, like the two preceding areas, has no peritoneum. The rest 
lies in contact with the lower surface of the liver, and is coated by the peritoneum of 
the posterior abdominal wall. The anterior surface of the left ee 
quite peritoneal, resting against the stomach, the spleen, and the tail of the pancreas. 

Structure.—The suprarenal body is invested by a thin, but fairly strong, 
fibrous capsule, Section across the thicker parts of the organ displays an outer zone, 
or cortex (.25-1.20 mm. in thickness), which surrounds the central medud/a, Where 
thinnest, as towards the borders, the medulla is reduced to a narrow zone and may be 
entirely wanting ; where best developed, as in the middle of the organ, it may attain 
a thickness of over 3mm. The cortex is usually of a dirty yellow color, presenting 


Fic. 1523. 
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Anterior aspect of suprarenal bodies hardened fm situ. 
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Posterior aspect of suprarenal bodies shown in preceding figure. 





next the medulla a narrow darker zone of varying shades of brown. The medulla is 
of a grayish tint and generally lighter in color than the cortex. Its exact tint, how- 
ever, varies with the amount and condition of the contained blood, when engorged 
with venous blood appearing dark. In consistence the medulla is less resistant and 
more friable than the cortex. 

The cortical substance consists of a delicate framework of connective tissue, con- 
tinuous with and prolonged inward from the capsule, in the meshes of which lies the 
glandular epithelium. The arrangement of the latter, although generally columnar, 
varies at different levels, three zones being distinguished within the cortex. The 
zona glomerulosa lies next the capsule, and consists of the somewhat tortuous or 
coiled groups of cells. The sona fascicu/ata forms the chief part of the cortex, and 
maintains the radial disposition of the cell-columns. The zona reticularis, next the 
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medulla, includes the net-works of epithelial elements formed by the union of the cyl- 
inders. The cells throughout the cortex are very similar, being rounded polygonal 
elements .015-.020 mm. in diameter, and very often contain fat granules. Those 
composing the zona fasciculata are largest, while those within the reticular zone are 
more or less pigmented and responsible for the darker tint of this portion of the cortex. 

The medullary substance consists chiefly of net-works composed of anastomosing 
cords of epithelial cells from .020-.036 mm. in diameter ; in addition there are numer- 
ous blood-vessels, particularly veins, and many bundles of nerve-fibres with ganglion- 
cells. The protoplasm of the medullary cells is finely granular and possesses an 
especial affinity for chromic acid and its salts, staining yellow or brown. They 
vary from polyhedral to columnar in form, and often border large blood- and lymph- 
spaces. The cells of the medulla are 
more prone to undergo post-mortem Fic. 1525. 
change than those of the cortex. Seat 

Vessels.—The chief arteries 
supplying the organ are the three 
suprarenal or capsular arteries, —the 
middle from the aorta and the su- 
perior and inferior from the phrenic 
and renal arteries respectively. They 
break up into a dozen or more fine 
branches before reaching the organ, 
which they enter at various points, 
some penetrating directly into the 
medulla, others terminating in the 
cortex. The latter form a superficial 
capillary net-work within the cap- 
sule, from which continuations pass 
between the cortical cell-columns, 
around which they constitute capil- 
lary net-works. The medulla is di- 
rectly supplied by arteries destined 
for the interior of the organ. These 
soon break up into capillaries which 
surround the medullary cords and 
pass over into an unusually rich 
plexus of veins. The latter claim as 
tributaries the venous radicles of the 
zona reticularis and impart to the 
medulla in general a spongy charac- 
ter. The veins form a rich plexus 
about the organ, communicating : ; ee 8 iE. 
freely with those of the kidney. The Seige Poe eer ees Se 
chief vein of the right suprarenal 
passes into the inferior vena cava‘and that of the left one into the renal. The /ym- 
Phatics are numerous, the chief trunks accompanying the arteries. In addition to the 
superficial net-works in the outer part of the cortex, the medulla contains many 
deeper lymphatics in the vicinity of the larger veins. 

Nerves.—The very rich supply is derived principally from the solar and renal 
plexuses. The number of medullated fibres would imply that many come through 
the splanchnic nerves. Branches probably come also from the vagus and the phrenic 
(Bergmann). Within the capsule lies a superficial plexus from which small bundles 
of nerve-fibres enter the cortex, between the cell-columns of which they form plexuses, 
chiefly for the walls of the blood-vessels. The greater number of the nerves, how- 
ever, pass to the medulla, where they unite into coarse plexuses, from which finer 
twigs are distributed to the vessels and the cords of medullary cells surrounding the 
veins. Dogiel has traced the terminal filaments between the epithelial elements. 
Numerous yanglion-cells lie within the medulla. Sometimes they occur in groups 
along the larger nerve-bundles ; at other times they are encountered as isolated ele- 
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ments ; but in all cases they exhibit the characteristics of sympathetic cells. Indeed, 

so numerous are the latter that the suprarenal is regarded by some anatomists as an 
accessory to the sympathetic nervous system. 

Development and Growth.—The genesis of the suprarenal body } has been 

the subject of much discussion and uncertainty, especially as to the of the 

medulla, Comparative and embryological studies clearly indicate that the mam- 


malian suprarenal body consists of two separate and distinct organs, which, although 
intimately united as cortex and medulla, possess a different origin and function.’ 


According to the hae me i of 
Fis. 1526. Aichel,’ the suprarenal in higher 


blastic cells at the ends of i per i 
of the mesothelium lining body- 
cavity. The individual cell-groups 
thus arising with the several i 





siege © 
egarding the origin mm the me- 
dulla two views obtain. 
to fea one now ete sce or 
m portions are G) 
cells which are derived from the ad- 
jacent embryonic sympathetic gan- 
glia, the chief support of this opinion 
being found in the close nd- 
ence of the medullary cells with the 
chromaffin elements of sympathetic ori- 
gin occurring in other localities, such 
cells wherever found exhibiting an 
especial affinity for chromium. salts. 
. When fully developed, the m 
cells may be regarded as highly i 
ized cells which elaborate a powerful 
stimulant that passes into the blood 
(Vincent). The other view, supported 
by Janosik, Valenti, and Aichel, attri- 
butes the origin of the medullary cells 
to the same mesoblastic anl that 
produces the cortical cords of which 
those of the medulla are only speciali- 
zations. The differentiation of the su- 
prarenal into cortex and medulla occurs 
oe surgi ed atic. barre eo. comparatively late and long after the 
primitive organ has become sharply de- 
fined from the surrounding tissue. For a time the entire organ consists of cells which 
are identical in appearance. During the third month this common tissue differenti- 
ates into cortex and medulla, in consequence of the breaking up of the outer zone into 
columnar masses by the advent of connective-tissue trabecul from which delicate 
fibril: arise, forming the inner boundary of the cortex. Within the central part of 
the organ thus defined numerous venous capillaries appear and break up the tissue 


1 Vincent: Journal of Anatomy and Physiology, vol. xxxviii., 1903. 
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THE SUPRARENAL BODIES. I 


into the cords of medullary cells which lie directly in contact with the endothelium of t 
veins. The subsequent ingrowth of the nervous constituents provides the unusual 
rich supply of nerve-fibres and ganglion- 

cells distinguishing the medulla. These Fic. 1528. 

organs are proportionally very large in APas 
the foetus (Fig. 1529). At birth the 
antero-posterior diameter is 1 cm. and the 
greatest transverse diameter at the base is 


Fic. 1527. 


Zona, 
reticularis 





Section of suprarenal body, showing portions of cortex Section of injected suprarenal body; the 
and medulla. x 225. vessels in lower third of figure are chiefly tribu- 
taries to the central vein, + 25. 


1.5 cm.; the length from the apex to the anterior end of the base is 3.5 cm. and to 
the posterior end 1.5cm. At this age the suprarenal covers most of the upper half 
of the kidney. Atan earlier period these organs are markedly lobulated so as closely 
to resemble the kidneys ; at term, however, 

the lobulation has nearly disappeared. Fic. 1529. 

Accessory Suprarenals.—These are 
mostly very small, rarely surpassing a pea 
in size. They may be found near the su- 

rarenal body, in the kidney, in the liver, 
in the solar and renal plexuses, or beside 
the testis or the ovary. The accessory su- 
prarenal situated within the broad ligament 
in the vicinity of the ovary is regarded by 
Marchand and others as a normal and 
almost constant organ. The latter under- 
goes compensatory hypertrophy after re- : y 
moval of the chief suprarenal. The in- ‘ 
vestigations of Aichel emphasize that the 
organs included under the designation 
‘accessory suprarenals’’ comprise tWO gg Biestion af tee ments fama txts, show 
groups of structures of different origin and glands. 
morphological significance. | Those asso- 
ciated in position with the chief organ, as when in the kidney or liver, are derived 
from separated and isolated portions of the principal anlage of the suprarenal, and, 
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laries, the meshes of which are occupied by spherical or cord-like masses of cuboidal 
or polygonal epithelial cells. The latter are apparently of two kinds,—the smaller 
and slightly staining chief cells, from .003-.004 mm. in diameter, and the larger and 


Fic. 1530. 





Interlobar septum 


Blood-vessel 


Connective-tissue 
trabecula 


deeply staining chromophile cells (.005-.008 mm. ), so called because of their’ marked 
affinity for certain dyes. The two varieties of cells seem to be intermingled without 
definite arrangement, and are regarded by some as the expression of differences de- 
nding upon merely functional changes, the two kinds of cells being essentially 
identical. 
The aggregations of the cells, cord-like or spherical in form and usually without 
distinct lumen, lie in very close relation to the wide capillary blood-vessels that 


Fic. 1531. 





Section of anterior lobe of pituitary body; three acini contain colloid material. ~ 250. 


ramify between them, supported by the delicate connective-tissue septa. Here and 
there, however, the glandular epithelium surrounds a lumen which may contain 
colloid material, thus resembling the acini of the thyroid body. The colloid-contain- 
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ing acini lie chiefly against the posterior lobe, in which location a number of such 
spaces (Fig. 1531), of moderate size and lined with cuboidal epithelium, are usually 
normally present, although colloid vesicles may be absent in other parts of the ante- 
rior lobe (Schoenemann). 

The absence of excretory ducts, the activity of the epithelial cells as excretory 
elements, and their intimate relation to the blood-vessels all support the view that 


Fic. 1532. 








Pituitary evagination from dieacephalon 


Wall of rhombencephalon. 
Pituitary evagination from oral cavity 


Cominunication with oral 
cavity 


Portion of sagittal section of rabbit embryo, showing early stage of development of pituitary body. x fo. 


the anterior pituitary lobe is to be regarded as an organ engaged in internal secre- 
tion. Its assumed function as directly concerned with somatic growth, suggested by 
the enlargement of the pituitary body observed in giants and in cases of acromegaly, 
needs further confirmation, since, as pointed out by Thom,’ such changes are by no 

means constant. 
Development.—as above stated, the two lobes of the pituitary body are de- 
veloped from entirely different sources. While the posterior lobe originates as a 
tubular extension of the 







Fic. 1533- cavity of the interbrain 
‘ (diencephalon ), the an- 
Cerebral evagination terior lobe is derived 


from an ectoblastic 

outgrowth from the pri- 

Wall of diencephalon Mary oral cavity which 
appears during the 
fourth week. The cere- 
bral end of this evagina- 
tion (Rathke's pouch) 
soon expands into the 
hypophysial pouch, 
which remains — con- 
nected with the mouth 
for a considerable time, 
until the formation of 
the base of the primi- 
Portion of sagittal section of rabbit ¢mbryo, showing development of tive skull leads to sev- 
pituitary body. = So, erance of the tubular 

communication, the hy- 

pophysial anlage then lying within the cranium against the lower surface of the 
interbrain, In very exceptional cases a canal in the sphenoid bone, leading from 
the sella turcica to the base of the skull, contains « prolongation of the hypophysis, and 


Wall of, 
thombencephalon 
Oral evaginatian 
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thus represents the condition existing in some animals, in which the pituitary stalk 
persists during life, passing through a canal in the base of the skull and connecting 
with the oral epithelium. During the latter half of the second month the hypo- 
physial sac sends tubular out- 
growths into the surrounding vas- Fic. 1534 
cular mesoblastic tissue. Later l 
these tubules become separated 
from the main pouch, until the 
latter finally becomes entirely con- 
verted into a mass of small, tor- . 
tuous tubules or acini which in 3 ; Posterior (cerebral) lobe 
large part lose their narrow lumen i We 
and become solid masses separated 
by septa of vascular connective 
tissue. The anterior lobe thus 
formed becomes pressed against 
the under surface of the brain-lobe 
with which it is closely bound. 
The posterior pituitary lobe 
is developed from the tubular 
outgrowth from the diencephalon 
and retains its connection with the 
brain through the infundibulum. 
The primary lumen, however, be- 
comes obliterated and the organ 
converted into a solid mass com- SS 


posed of tissue which resembles Portion of sagittal section of rabbit embryo, showing later 
neuroglia and contains few or no Staz€ of developing pituitary body. Anterior lobe now con- 


ie ie sists of numerous tubular acini. 50. 
cells that can be identified as ner- ‘ 
vous elements. Further details concerning the posterior lobe are given in connection 
with the brain (page 1130). 


acini 





Cartilage of 
base of skull 


Wall of oral cavity 


As a matter of convenience, mention may be made at this place of three organs 
—the carotid bodies, the coccygeal body and the temporary aortic bodies—concerning 
whose function little or nothing is known. The systematic position of these struc- 
tures is at present uncertain, but from their histological characteristics the carotid 
and aortic bodies are probably to be regarded as closely related to or, in a sense, 
appendages of the system of sympathetic nerves, whilst the coccygeal body may be 
included, with seeming propriety, with the organs of internal secretion. Their 
grouping and description here, therefore, must be understood to be a matter of con- 
venience and expediency and not an attempt to define their true relations. 


THE CAROTID BODY. 


This organ (glomus caroticum), also known as the carotid gland and ganglion 
intercaroticum, is a small ovoid body measuring usually about 5 mm. in length, from 
2.5-4 mm. in width and about 1.5 mm. in thickness. It may attain a length of 7 mm. 
and exists on both sides. Its most frequent position is on the median and deep side 
of the upper end of the common carotid artery in close relation with the point of 
division of the latter vessel into the external and internal carotids. The body 
usually lies not within the bifurcation, but rather on the inner side of the common 
carotid, so that its form and relations are best displayed by dissection from within 
outward. When freed from the surrounding fat and connective tissue, the carotid 
body appears of a grayish or brownish red, according to the condition of the capillary 
injection. The organ consists sometimes of two unequal divisions, united below. 

Its structure includes a thin fibrous capsule, from which delicate septa pene- 
trate inward and divide the organ into a small and uncertain number (5-15) of 
spherical masses or ‘‘lobules,’’ from .2-.5 mm, in diameter, which consist of a com- 


1g 








THE ORGANS OF RESPIRATION. 


Tuis tract includes the organs by which an interchange of gases takes place 
between the blood and the air. It consists of the /arynx, the trachea or windpipe, 
and its subdivisions—the bronchi, the /ungs, and the serous membranes, the pleura, 
which surround them. Morphologically this tract is an outgrowth from the fore- 
gut. The larynx is a specialized apparatus for the production of the voice, situated 
at the beginning of the windpipe, of sufficient importance to be considered by itself. 


THE LARYNX. 


The larynx consists of a number of cartilages which, by their relative changes 
of position, modify the approximation and tension of two folds of mucous mem- 
brane over fibrous tissue, known as the vocal cords, on either side of the cleft through 
which the air enters the windpipe. The larynx is in the neck, being suspended from 
the hyoid bone and leading to the trachea. It is practically subcutaneous in front. Its 
superior orifice is behind the base of the tongue, and can be seen in life only by a mirror. 
The cartilages are connected by joints and ligaments, moved by muscles, and covered 
by mucous membrane, the folds of which form important morphological parts of the 
larynx. 


THE CARTILAGES, JOINTS, AND LIGAMENTS. 


The cartilages which form the framework of the larynx are three single ones : the 
cricoid, the thyroid, and the epig/ottis; and three pairs: the arvtenotd cartilages, the cor- 
nicule laryngis or cartilages of Santorini, and the cuneiform cartilages or those of 
Wristerg. The last pair, although determining well-defined swellings of the mucous 
membrane, are very small ; indeed, the cartilage is not always to be found. There are 
other minute points of cartilage to be mentioned with the structures in which they occur. 

The epiglottis, the upper part of the cartilages of Santorini, those of Wrisberg, and 
the ends of the vocal and apical processes of the arytenoids consist of elastic cartilage, the 
others being of hyaline cartilage. The cricoid and arytenoid cartilages are derivations 
from the trachea and represent the more primitive form of larynx. The thyroid and the 
epiglottis appear in mammals. In monotremes the epiglottis is of hyaline cartilage. 

The Cricoid Cartilage.—This is the foundation of the larynx, being a ring 
on the top of the trachea. It is nearly circular, the diameter in the male being 19 
mm. (Luschka). It is narrow in front, being from 3-8 mm., usually about 5 mm. 
broad, and some four or five times as much 
behind. The height at the back is approxi- Fic. 1538. 
mately 25 mm. in the male and from 16-23 
mm. in the female. The cricoid is 3 or 4mm. ayticutar facet 
thick in the lower part and in the upper as for arytenoid 
much as 5 or 6mm. The posterior aspect is “*t8* 
somewhat quadrilateral, the upper border de- 





: F Articular facet 

scending very steeply at the sides. Internally for thyroid Kiteriog 
the cricoid is perfectly smooth. The lower — @tilaxe arch 
border presents a slight median descent in front Cricoid cartilage, right lateral aspect. 


and an inconspicuous notch behind. Never- 

theless, the cricoid is so placed that its posterior margin is a trifle the lower. A small 
median depression occurs in the superior border behind, and on either side is an 
articular eminence for the arytenoid cartilage. Being situated on the superior border 
of the cricoid, this elongated eminence has its long diameter (8-10 mm. ) slanting 
outward, downward, and somewhat forward. Its free edge may be slightly convex 
or concave in the long axis, but is not far from straight. It is convex transversely 
and about 4 mm. thick. The whole clevation is inclined slightly away from the 
interior of the larynx, so as somewhat to overhang its posterior surface, and is 


ISI3 
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Development and Growth.—The thyroid, probably formed from the fourth 
and fifth branchial arches, is originally rounded in front, the angle becoming promi- 
nent at puberty, when the great increase in size in the male and the greater promi- 
nence occur. A slight strip of cartilage, separate from the rest, is found in the angle 
in early childhood ; subsequently it becomes less and less distinct. 


Variations.—It is not rare to find a foramen near the upper outer angle, a little below the 
superior tubercle, which transmits the superior laryngeal artery and exceptionally some fibres 
of the external branch of the superior laryngeal nerve. Assuming that the thyroid is developed 
as above stated, the foramen represents a cleft between the fourth and fifth branchial bars. It is 
common for one of the superior horns to be shorter than the other, and not very rare for one to 
Lady Our experience agrees with that of others in finding the absence more common on 

side. 


Joints and Ligaments connecting the Thyroid with the Cricoid Car- 
tilage and with the Hyoid Bone.—The crico-thyroid joints, between the 
lower articular facets of the cricoid and the inferior horns of the thyroid, are very 
indefinitely shaped. The facet of the thyroid is on the inner side of the inferior horn, 
and is nearly plane, but either par- 
ticipant of the joint may be the 
contained one. The capsule is 
lax, although somewhat strength- 
ened by two by no means con- 
stant ligamentous bands. An an- 
terior one extends downward and 
forward from the front of the 
lower horn ; a posterior one ex- 
tends upward and backward from 
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the back of thesame. The motion 
is usually described as rotation on 
a transverse axis passing through 
both joints, but in fact a great deal 
of irregular sliding is possible. 
The crico-thyroid mem- 
brane, although connecting the 
cartilages in front, has no direct 
attachment to the thyroid at the 
sides, and consists of a central 
anterior and a lateral part. The 
anterior part, also known as the 
conoid ligament, is triangular in 
shape, with its base attached to 
the upper edge of the cricoid car- 










Cartilage — 
of Santorini 


Arytenoid 
: Posterior cartilage 
crico-arytenoid 


ligament Thyroid 


{ cartilage 
Cricoid— 
cartilage 


Posterior ‘ 
crico-thyroid 
ligament 


Trachea 


Cartilages of larynx united by their ligaments; right half of thyro 
hyoid membrane has been removed ; postero-lateral aspect. 


tilage and its truncated apex to 
the lower border of the thyroid. This is the strongest part of the membrane, con- 
taining considerable elastic tissue, and closes the middle of the space between the two 
cartilages. It is pierced by several small holes for blood-vessels, and is crossed 
superficially by the crico-thyroid artery. The /atera/ part ( Fig. 1544), while directly 
continuous with the anterior and attached below to the upper border of the anterior 
arch of the cricoid cartilage, is thin and membranous, and on each side extends 
upward and inward beneath the lower border of the thyroid ala without being at- 
tached. The upper border of this part of the membrane becomes directly blended 
and continuous with the inferior thyro-arytenoid ligament, the latter being practically 
the thickened and free superior border of the crico-thyvid membrane, which in this 
sense, becomes the supporting framework for the true vocal cord. The lateral crico- 
arytenoid and thyro-arytenoid muscles intervene between the thyroid ake and the 
lateral parts of the membrane. The inner surface of the latter is covered by the 
laryngeal mucous membrane. 

The thyro-hyoid ligament or membrane is one continuous sheet of fibrous 
tissue, the posterior borders of which are thickened as they extend between the supe- 
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The inferior thyro-arytenoid ligaments (ligamenta vocalia) are a pair o#-4 
bands of fibrous tissue, chiefly clastic, supporting the free edges of the true vocaZ —\ 
cords, extending from the angle of the thyroid a little below the false ones to thom e 
vocal processes of the arytenoids. These ligaments are continuous with the latera? el 
parts of the crico-thyroid membrane, as the thickened and modified upper borders==—s 
of which they may be reyarded (Fig. 1544). Each band is triangular on section =m, 
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having the free edge at that of thes» ame 
cord. There may be a minutes» =te 
nodule of cartilage in the ligamen® at 
just in front of its posterior attach— s«7- 
ment. 


Ossification of the Larynx.—The-s» ae 
process, beginning as it does at abuus st 
twenty, is a normal change. Chieviz® =! 
found some ossification in every male=s fe 
larynx of over twenty and in every fe——== 
male one of over twenty-two. It ap——<> 
pears at about the same time in the et 
cricoid and thyroid,—namely, at abouray st 
the beginning of the twentieth vear——_—_ 
and in the arytenoid at about the mid-— S&4- 
dle of the twenties in man and nearer—a —=T 
the thirties in woman. 


Trachea The Cricoid.--The first nucleusa= #5 
appears on each side at the back ofarec:.7# 
the facet for the arytenoid, and almost ==" 
at the same time another rs at 

its front. These are shortly tollowed g>—i 
by one at the joint for the thyroid. — Sot 
These three unite, forming a lateral & 
ossification which spreads across the =a 
back. One or more points appear in a mn 
front near the upper border of the arch, which is thus ossified and joins with the sides. After = =r 
these various unions the entire lower border of the cricoid is still cartilaginous. The youngest #==st 
man observed by Chievitz with complete ossification was forty-four and the youngest woman «7m an 
seventy-six. 

The Tayroid.—The process begins near the posterior inferior angle and invades the in- —a7an- 
ferior horn. It appears next near the lower part of the anterior angle, and these two centres==~es 
on each side join by spreading along the inferior border, The superior horn then ossifies cither-ar ss» er 
by a separate centre or by extension along the hind border. Finally a tongue-like process. ss, 
starting near the inferior tubercle, extends upward and forward across the ala to meet the ossi— a yj. 
fication which has spread along the superior border, leaving before and behind it places which —ach 
are the last to ossify. This tongue-like process is peculiar to the male ; in the female ossificaa: = 
tion advances chietly from the posterior border. The youngest man with complete ossificatior gop 
of the thyroid was fifty and the youngest woman seventy-six. 

The sirytenoids. The process begins in the base. In man the starting-point is the mu> ae). 
cular process, but in woman it is less certain. The youngest man in whom the process w= —~. 2, 
complete was seventy-five and the youngest woman eighty-five. 

The cartilago triticea, when present, also tends to oss 





Lateral view of larynx after removal of greater part of right 
thyroid ala, showing attachment of crico-thyroid membrane to 
arytenoid cartilage. The free border of the membrane constitutes 
the thyro-arytenoid ligament and the framework of the vocal cord. 











THE FORM OF THE LARYNX AND ITS MUCOUS MEMBRANE. 


The shape of the larynx depends not only on the cartilages, but also on folds of 
mucous membrane stretched ovef bands of connective tissue and over muscles. 

The cavity of the larynx is subdivided into three parts: the suprag/ottic. the 
glottic, and the in/rag lotic. 

The supraglottic region ( vestibulum laryngis) begins with the entrance to the 
larynx, an oval cor rather a heart-shaped) plane, which, owing to the height 22d 
the position of the larynx, faces nearly backward. — It is bounded by the free border 
of the epiglottis in front and by the arvepiglottic fold which passes from this ©" 
either side back over the top of the arytenoid cartilages. It is interrupted in © 
median line behind by a notch. On either side of this the fold presents a small 
swelling (tubereulum corniculatum), caused by the cartilage of Santorini, anterior © 
which is a larger one (tuberculum cunciforme ) containing that of Wrisberg. 


’ Archiv f. Anat. und Phys., Anat. Abth., 1882. 
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and the sides of the epiglottis the fold contains only the general fibrous envel- 
and some stray muscular fibres. Below the entrance in front lies i tee om 
of the epiglottis, concave from side to side, and presenting in the ian line, 
above downward, first a convexity, extending so far back as to overhang much 
the larynx, then a hollow, and finally a prominence, the fudercle or cushion. A 
deep crease descends on each side, bounding the lower part of the epiglottis, and 
meeting its fellow below the tubercle. The mucous membrane is very close “Semarang: * 
to the epiglottis, and so thin that the straw color of the cartilage is seen through it, 
turning into red at the lower part. The pits for the glands in its substance can also 
be made out. The lateral wall of this region, which is separated from the front by 


sentf 
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Pharynx opened from behind, showing superior laryngeal aperture and mucous pouches embraced by wings of 
thyroid cartilage ; cricoid cartilage and muscles are covered with mucous membrane. 


the crease, inclines inward, and becomes the fold of mucous membrane known as the 
false vocal cord, Farther back a shallow groove, the pAiltrum, runs from the inter- 
val between the tubercles of Santorini and of Wrisberg to the ventricle. 

The sinus pyriformis (Figs. 1545, 1354) is a shallow cavity to the outer side of 
the aryepiglottic fold, bounded externally by the greater horn of the hyoid, the upper 
part of the ala of the thyroid, and the thyro-hyoid membrane between them, — It is 
bilateral and properly a part of the pharynx (page 1598). Its mucous membrane, 
continuous with that of the larynx, is smooth and thin, and but loosely attached to 
the areolar tissue below it. In the front part there is a transverse fold caused by the 
internal branch of the superior laryngeal nerve passing from the thyro-hyoid mem- 
brane, which it perforates, to the larynx proper. 
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The glottic region extends from the free edges of the false cords above tammp 
those of the true ones below. The narrowest part of the larynx, the vima glottidis m—— 
chink of the larynx, is the interval between the true cords in front and the arytenoi=—_1 
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aperture of larynx. 


cartilages behind. The /a/se vocal cords (plicae ventriculares) are folds of mucouse= #5 
membrane continuous with the sides of the supraglottic space. They are attached ina—= 4” 
front to the inner side of the angle of the thyroid, above its middle, and behind toa» 7° 
the antero-external surface of the arytenoids. They are soft folds of mucous mem- — =* 
brane containing connective tissue (out of which a skilful dissector can manufacture =~7* 
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a superior thyro-arytenoid ligament), many glands, and some fibres from the thyro- 
arytenoid muscle, “The frue cecal cords (plicae vocales) arise a little below the false 
ones, and run to the vocal processes of the arytenoid cartilages. They arise in both 
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=<=><05 a little above the middle of a line from the bottom of the thyroid notch to the 
ever border of the thyroid. Taguchi' gives the average distance in men from the 

to the vocal cord as 8.5 mm., and from below as 10.5 mm. In women he 

these distances 6.5 mm. and 8 mm, ie eapahons The cords arise either di- 
from the thyroid, just on each side of the depth of the angle, or from a 
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Anterior part of section across neck at level of false vocal cords; on left side ventricle of larynx is exposed. 


median cartilaginous nodule, or from one for each cord, the distance between them 
being 1.5 mm. in both sexes. The false cords arise about 3.5 mm. above the true 
ones, and, on the average, 4 mm, apart from each other, The true cords are tri- 
angular on section, with a sharp free edge, an upper surface slanting downward and 
outward from it, a longer internal surface which slants steeply downward and out- 
ward, and an imaginary attached base placed laterally, The free edge is composed 
of the whitish ligament which shows through the thin and closely attached mucous 
membrane. The substance is chiefly muscular tissue from the thyro-arytenoid, which 
forms a three-sided prism, giving a solidity which the false cord has not. - Behind 
the cords the glottic region is bounded by the arytenoid cartilages, and, as the true 


Fic. 1550. 





Interior of larynx as seen with laryngoscope. A, rima glottidis widely open; 4, rima glottidis closed, 


cords end at the vocal processes, a considerable part of the chink of the glottis is 
bounded by these cartilages. The posterior part between them is called the respira- 
tory, and the anterior, between the cords, the vocal part. According to Moura,* the 
entire length of the chink in the male is 23 mm., of which the vocal part is 15.5 mm. 


1 Archiv f. Anat. u. Phys., Anat. Abth., 1889. 
? Bull. de l'Acad, de Médecine, Paris, 1879. 
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Frontal section of larynx through vocal processes of arytenoid cartilages. & 3. 


folds it is lax and redundant. Beginning at the base of the epiglottis, the epithelium 
covering the mucous membrane is of the stratified ciliated columnar type hout 
the larynx, with the exception of that over the vocal cords, false as well as true, 
which abruptly changes to stratified squamous. Mucus-secreting goblet-cells occur 
in varying profusion among the columnar elements. The superficial layers of the 
fibro-elastic stroma of the mucous membrane contain many lymphocytes, which in 
places are so numerous that the tunica propria resembles lymphoid tissue. 

The g/ands are very general. They occupy pits in the epiglottis, are very numer- 
ous and large in the false cords, and plentiful in the walls of the ventricles, They do 
not occur on the upper surface of the true cords within 3 or 4 mm. of the free edges, 
but in the infraglottic region form nearly a continuous shallow layer to within 2 or 3 
mm. of the free edge of the vocal cord. The laryngeal glands are tubulo-alveolar in 
form and mixed mucous in type, in addition to the mucus-producing cells containing 

of serous elements. 

Lymphoid tissue, as distinct nodules, is occasionally observed on the posterior 
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‘the cricoid cartilage devolves the whole, or nearly the whole of the movement. 
“cide wetrwiedlad soci iocai their nts neat Soran 
Seragratdeslot ailing oe 


that @ 
picoterios arise cricoarytenoid muscle (Fig, 1554) is very distinct and 
Epa Nb ts ctlanguler, with vocded angie eles reviled 
t is with roun an atu wi at 
and the third sharp angle at the posterior border and upper ir diem. 
ela hasigpe The origin is not from the whole o. eecee 
coid, but c! the region of the ridge whence it springs by tendinous fibres. 


It arises also- the lower part of the cricoid, but not from the near the 


arytenoid. It passes over the capsule of the joint, with which it is i fused, 
Geile SUE an alitvve stated) sae uf its fibres becoming tendinous. 4 
Action.—It pulls the muscular process downward inward, thus raising and 


everting the yocal process and consequently enlarging the cleft of the glottis, 


ere wae smal] muscles in the neighborhood of — inferior horn of the thyroid are 


Soe unrest bundles of the posterior crico-arytenoid. One, the 
slightly diverging from the lower external fibres, runs from the back of the cricoid upward 


outward to the internal heraet shed inferior harn of the thyroid. The other, the posterior thyro- 
arytenord, runs from the nw ah ed to be efile deca with the posterior crico-arytenoid into 
the muscular process. = 


The lateral crico-arytenoid muscle (Fig. 1554), of an elo triangular 
form, arises from the upper border of the lateral part of the cricoid and from the 
ascending edge of the plate as far as the arytenoid joint, It also may have fibres 
springing from the crico-thyroid 
membrane. It is inserted into the Fic. 1554. 
front of the muscular process, This 
muscle is less well defined than the 

ior crico-thyroid, and may 

~ more or baa fused with the 
yro-arytenoid, on the one hand, 
and the crico-thyroid, on the other. 

ee .—It pulls the muscular 
process forward, thereby bringin 

the vocal cord nearer to its fellow , ied ae 

The thyro-arytenoid mus- 
cle (Fig. 1554) arises from the 
inner surface of the thyroid, just  cricoa 
outside the entering angle, from 
the leyel of the true cord to the  Crico-arytenoideus. , Crico-thyroideus 
lower border. At the side it arises ‘ (cut) 
from a part of the crico-thyroid 
membrane, and may there be con- 
tinuous with the lateral crico-ary- 
tenoid. It runs backward and is 
inserted into the upper surface of 
the vocal process of the arytenoid 
and into the antero-external sur- 
face of that cartilage. It is convenient to speak of an internal and an external part, 
but there is no separation between them. The infernal portion (m. thyreoarytae- 
noideus yocalis) is a prismatic mass, triangular on section (Fig. 1551), forming the 
erat of the true cord, with one of its ae against the ligament in the free edge. 

taught that fibres diverged from the body of this muscle to be inserted suc- 
pt into the ligamentous band of the vocal cord, which thus resembled the 
tendon tk a muscle receiving oblique fibres along its side. These were supposed to 
modify its tension indefinitely by pulling upon it at various points. This view has 
been denied by Luschka, and the point remains undecided, Jacobson' found on 


1 Archiv f, mikro. Anat., Bd. xxix., 1887. 
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Thyro-arytenoideus 
externus 


Muscles of larynx, lateral view after partial removal of right 
thyroid ala. ‘ 


joints, the articulation is of so vague a character 
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tthyroid branch meets its fellow so as to form an arch across the median line and 
SRM larteeeal bern thn tnterior tlyce h the crico-th: ; 
ior laryngeal from the inferior thyroid the region of the the 


<>f the neck. There isa plexus on the p side of 
which communicates through the folds at the sides of the entrance with the veins of 
the dorsum of the tongue. The inferior laryngeal vein empties into the inferior 
thyroid through a circular plexus around the entrance of the trachea, 

i ee th if mae anon me aoieeen fro Faggots feos j 
Pierces the thyro-hyoid membrane, carrying the lymph from lottic region 
to the nodes under or near the sterno-mastoid. The inferior vessel descends under 
the mucous membrane outward and backward to the nodes along the posterior sur- 
face of the trachea. It may, however, open into an inconstant node in front of the 

i roid membrane. This node occurs in 44 per cent. ; 

«of adults and in 57 per cent. of children. It may be Fic. 1556. 
clouble”’ 
Nerves.—These are thé superior and the inferior 
nerves, both from the vagus, The superior, on 
reaching the thyro-hyoid membrane, divides into an exter- 
mal and an internal branch. The external continues down- 
ward and forward to the crico-thyroid muscle, which it 
supplies. It is in relation with the pharyngeal plexus and 
the superior sympathetic ganglion. The internal branch 
pierces the membrane together with the superior laryngeal 
artery, and supplies the greater part of the mucous mem- 
brane. Its ramifications are in two groups: ascending 
nes to the epiglottis, the region just before it, and to the 
aryepiglottic folds ; others passing to the mucous mem- 
brane within the larynx and to that of the posterior surface 
looking towards the pharynx, The inferior laryngeal, as- 
cending by the side of the back of the trachea, divides into 
two branches. The branch nearer the median line inner- 
yates the posterior crico-arytenoid and the arytenoid mus- 
— Its =a part sensory, enter into communication 
with those superior laryngeal. The other branch Cast of cavity of larynx and 
of the inferior laryngeal goes to x bd intrinsic muscles $2/4ctht part ol trachea anterior 
of the pharynx. us the superior laryngeal divides into 
a motor branch that ends in one muscle, and a sensory division which plays the 
greater part in supplying the mucous membrane. The inferior laryn; is also a 
mixed nerve, but chiefly motor. It supplies all the other muscles and helps to sup- 
ply the mucous membrane. A remarkable peculiarity of the sensory nerves is a 
eer to cross the median line, so that certain regions are reached from both 
s 





The general teaching by English anatomists has been that the superior laryngeal 
is as above stated and that the inferior is purely motor. _Exner* made observations, 
in part confirmed and in part disputed, to the effect that both nerves are mixed, 
supplying both muscles and mucous membrane (the superior supplying, in part at 
east, certain muscles within the larynx), and that both motor and sensory fibres 
cross the median line, so that some muscles receive the corresponding nerve of both 
sides. Moreover, he found in some animals a middle laryngeal nerve from the 
pharyngeal branch of the vagus, of which the analogue exists in man, in whom it 
goes, together with the superior laryngeal, to the crico-thyroid muscle of both sides. 


' Nicolas in Poirier's Traité d’ Anatomie Humaine. 
? Vienna Akad. Sitzungsbericht, 1884. 









of the thyroid or cricoid cartilage may occur from 
¢ fracture of the hyoid bone. The thyroid on account ; 
suffers more frequently. Fractures of the thyroid ar ner 
foe because (a) in the former it is relatively more | pete 
aah ossification—which, in common with other hyaline ca 

adult life has been reached—is more complete in them andl (e) males are 
oftener exposed to violence. 
The symptoms depend for their gravity chiefly upon the degree Parortiveascaaeh 
the laryngeal mucous membrane. If that is wounded, bloody e expectoration, aphonia, 
and dyspnoea are present, and tracheotom be urgently indicated, In any event, 
deglutition is painful. The voice is ly ip shes tered, and is apt to be some ex- 
ternal deformity. Crepitus may be present, but should be from the 
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lo and interarytenoid folds and the ventricular bands), and as 
_ contraction of scaf tissue may follow, diminution of the calibre of 
the vima 5 is (stricture) is not uncommon, 


etieeraney seowile, ood ct ther benign tumors are found in the vicinity of the 
sasesl, cords, and i the cannot be rem: by intralaryngeal operation, may neces- 
sitate thyrotomy. Subglottic tumors are relatively infrequent. They often spring 
from the inferior surface of the vocal cords, intraglottic ths from the free 
border of the anterior part of the vocal cords, and supraglottic growths from the 
piglottis and the iglottic folds (Delavan). 

Spasm of the ayo ls stridulus) may occur, especially in infancy, 
from reflex ietitation, and may cause great dyspnoea or may even Sentt etal The 
irritation is conveyed chiefly. to the pet al at nerves through the pneumo- 
gastrics, if the cause is undigested food ; throug’ trilacial i the teitation ie macs 
ciated with dentition ; or through the spinal accessory, if vertebral disease is present. 

The different forms of laryngeal paralysis should be studied in connection -with 
the Physiology of phonation. one of the chief anatomical considerations may be 
indicated by the following classification, which is, however, necessarily cosas 
as failing to include the central causes of paralysis—as in bulbar palsy—and those 
due to toxemia, as the post-diphtheritic. 

1. Those due to direct or indirect involvement of the superior laryngeal nerves. 

(a) Sensory and thyro-epiglottic—or aryepiglottic—paralysis, characterized by a 
tendency of food or liquids to enter the larynx, by dysphagia, by immobility of the 
epiglottis, and by diminished sensation in both the pharyngeal and laryngeal mucous 
membranes, would suggest especial implication of the internal branch. 

(4) Chico-thyroid' and thyro-arytenoid paralysis, causing loss of tension in the 
vocal cords, inability to regulate and control the voice, and with evidence of the 
want of action of the crico-thyroids detected by the finger placed on either side of 
the crico-thyroid interval externally during phonation (Agnew), may, in some cases, 
be referred anatomically to the external branch. 

2. Those due to involvement of the inferior laryngeal nerves. 

(a) Lateral crico-arytenoid paralysis, causing separation of the vocal cords, 
with more or less complete aphonia, may be due to implication of the external 
branch. In many cases there will be evidence of the existence of innominate or 
aortic aneurism, ny ates or bronchial glandular enlargement, carcinoma of the cesoph- 
agus, or some other condition competent to produce pressure on the nerve. The 
paralysis may be unilateral and attended only by hoarseness and partial loss of voice. 

(4) In posterior crico-arytenoid paralysis Cabeluctor paralysis) the loss of power 
in the abductors permits the lateral crico-arytenoid muscles to narrow the glottis 
into a mere fissure, so that inspiration becomes stridulous and dyspnoea is marked ; 
the voice is not materially interfered with. The condition may be due to intra- 
or extralaryngeal , or to inflammatory conditions, possibly causing pressure 
on the inner bran It may be unilateral and due to oo e4 

It should be understood that the relation of these paralyses to the external and 
internal branches of the superior and inferior laryngeal nerves cannot be demonstrated 
clinically’ with definiteness. Pressure on the main trunk of either nerve, tabes, 
hysteria, toxemia, and other central or general causes may produce any of these 
forms of paralysis, 

In intubation of the larynx (employed in some forms of acute stenosis, as in 
diphtheria or cedematous laryngitis) an irregular cylindrical tube with a fusiform 
enlargement and an expanded upper extremity—so that it may rest on the ven- 
tricular bands—is carried into place by an *‘introducer’’ and is guided by the left 
forefinger of the surgeon, which is passed over the dorsum of the tongue to the 
epiglottis and made to recognize the laryngeal opening. 

Thyrotomy is sometimes done for the removal of intralaryngeal tumors. The 
incision extends from the thyro-hyoid space to the top of the cricoid cartilage, is 


| 
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directly in the median line, and divides skin, superficial and deep fascia, the junctic—=" 
of the alz of the thyroid, and the mucous membrane of the larynx. 

Laryngotomy (through the crico-thyroid membrane) may be indicated in adulr Milts 
for impending suffocation from any form of obstruction of the glottis. In childre==se0 
the space is too small. A median incision beginning over the thyroid cartilage m 
carried to half an inch below the cricoid cartilage. The skin and fascia having bee. =a 
divided, the crico-thyroid membrane is exposed between the two crico-thyroid muscles==3, 
which sometimes require separation. The crico-thyroid arteries may be exceptions=—m- 
ally large, and in any event should usually be ligated, although in cases of gream===t 
emergency that step may be postponed until the membrane has been divided. Thi a 
may be done by a transverse incision to minimize the risk of hemorrhage. The #¢ 
nearness of the vocal cords to the opening renders this operation unsuitable to case====s 
in which a tracheotomy tube must be worn for some time. 

Excision of the larynx, occasionally done for malignant disease, necessitates the=== ¢ 
separation of the larynx from the sterno-thyroid and thyro-hyoid muscles laterally, ~. 
from the inferior constrictor and the hyoid bone above, from the trachea below, an 
from the pharynx and cesophagus posteriorly. The superior and inferior thyroid arte— = 
ries, or their branches, and the superior and inferior laryngeal nerves will be divided. — 4 

- For landmarks of the neck, see page 554. 


THE SUBDIVISIONS OF THE THORAX. 


As the entire respiratory apparatus, with the exception of the larynx and a partaar—t 
of the trachea, is within the thorax, it is advisable to describe the subdivisions of that=mr at 


Fic. 1557. 





Diaphragm | 


/ 
Liver Spigelian lobe 
Median sagittal section of formalin subject; relative position of mediastinal spaces outlined in red. 


cavity. The lungs, enveloped in their serous coverings, the pleurz, fill the greater 
part of the sides of the chest external to planes passing forward from the sides of the 


mei ‘ of nerves. (@) The 
with marked rapidity or slowness ; syncope ; vomiting ; 


laryngeal spasm or paralysis ; dysphagia ; spasmodic cough. — 
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' Revue de Chirurgie, 1891. ; ty 
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the spur on the left of the middle of the trachea in 57 per cent., in the middle in 2 
per cent., and on the right of it in the remainder!’ Semon, in 100 examinations ol 
the living, found it on the left in 59, at the middle in 35, and on the right in 6. 

The roots of the lungs consist of the bronchi (the right one giving off a brarmmmmach 
before entering the lung), the pulmonary artery and vein, the bronchial arteries a nd 
veins, the lymphatic vessels and nodes, 


and the nerves. ; 

The bronchi (Fig 1562) are the 
two tubes into which the windpipe divides, 
one running downward and outward to 
each lung. Until they enter the lungs, 
their shape and structure are precisely 
those of the trachea, the membranous por- 
tion being still posterior. This applies also 
to the branch that springs from the right 
bronchus before it enters the lung. While 
treating of the root of the lung we shall 
consider only the extrapulmonary part of 
the bronchi. According to modern usage, 
the term ‘‘bronchus’’ is applied to the 
whole of the chief tube that runs through 


Fic. 156r. 
Anterior surface Carina, anterior triansmssmgie 






Cartilage 


Riggtst ci 
bronchus 
Origin of apical bronchus="3 


Continuation of right main bronchesmamas 


Bifurcation of trachea, seen from above after section a 
windpipe just above carina. 


Left browchus 
Carina tracheze 


each lung ; formerly it was restricted mato 


the part from the trachea to the first branch. As the left bronchus gives off nae—o 
branch before entering the lung, it was described as much longer than the right one e. 
The length of the left bronchus to its first branch is about 5 cm. (2 in.), that of th—=ilhe 
right is rarely more, and often less, than 2 cm. (34 in.). There are some eight comeor 
ten rings in the left bronchus before the branch, while in the right one there are three —e, 
often two, and sometimes four. The right bronchus, which is the more direct com 1- 
tinuation of the trachea, is the larger. The diameter of the bronchi at their origin is 
greater from above downward than from before backward. The dimensions are vemmme=ry 
differently given. According to Aeby, the transverse diameter of the right bronchus=us 
is from 13.5-21 mm. and that of the le_=ft 
from 12.5-17 mm. Braune and Stahasamel 
found that the calibre of the right one Is 
to that of the left as 100:77.9. The 
extreme ratios of the series were 100 : 71-6 
and 100 : 83.3. We have deduced fromm 
Heller and v. Schrétter’s tables that mam" 
some ro per cent. the calibres are equ ; 


Fic. 1562. 






Membranous 


part of tri- It was formerly taught that the large=' 
Sheal wall right bronchus is more nearly horizon 
than the left, but that the contrary is tru=s€ 
is easily proved by a glance down th 
trachea in a frozen section (Fig. 1 561) <a). 
Carina The cause of the error is that, if it be n 
trachese — recognized that after the apparent splittings 
of the right bronchus the lower division i= 3° 
aan the main trunk, the eye is apt to follo' 
ical he upper border of the primitive bron— : 
Serius : Pr — 


chus, which carries it along the uppers® 
branch. It is very difficult to determine>™_S° 
the angles at the origin of the bronchi, — *' 
for the parts are so flexible that observa-— 
tions on non-hardened subjects are of little 
value, and it is not easy accurately to measure even good preparations, on account of 
the irregularity of the outline. One fact which adds to the difficulty of taking satisfac- 
tory measurements, and which also tends to make the right bronchus the more direct 
continuation of the trachea, is the inclination of the latter to the right as it descends. 


Left bronchus 


Bifurcation of trachea laid open after incision along an- 
terior wall of trachea and bronchi. 


—_— 


' They state that this remainder consists of 8 cases, but as their series comprised 125, it 
would seem that there must be a misprint. 
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Vessels.—The pu/monary artery at its bifurcation is anterior to the bronchi 
<and ata lower plane. Each branch of the artery rises over the bronchus and comes 
to lie more or less external to it. This apparent crossing of the bronchus by the 
= occurs on the right just after the origin of the first secondary bronchus, The 

teaching, following Aeby, that the artery actually arches over the extrapul- 


Fic. 1563. 


Pulmonary semilunar valve 





Fissure poy \ \\ Spine of scapula 
Thoracic aorta / Body of vertebra Cesophagus Superior fissure 

Right pulmonary artery 

Transverse section of thorax at level of filth thoracic vertebra. 


monary bronchus and lies behind it, is incorrect. The artery divides before enter- 
ing the lung, one branch entering through the upper and the other through the 
Siar rt of the hilum. 

e pulmonary veins are usually two on each side. The superior lie in front of 
and belove the artery. The inferior are the lowest of the large vessels of the lung- 
root, passing from behind under the bronchus into the heart. 

The dronchial arteries follow the bronchi along their posterior surfaces, The 
bronchial veins are both anterior and posterior. On the right side both open into 
the larger azygos vein. The left posterior ones often receive the anterior and open 
into the superior hemiazygos. There may be various anastomoses with mediastinal, 
pericardial, and tracheal veins. 

The 4vmphatics run for the most part behind the bronchi. The lymph-nodes 
are for the most part on the posterior and inferior aspects of the tubes, the group 
under the bifurcation joining others at the sides. Some nodes occur on the front. 

The nerves from the sympathetic and vagus form plexuses both before and 
behind. 

' American Journal of the Medical Sciences, 1899. 


? Sitzbericht. Acad., Vienna, 1893. 
® Morpholog. Arbeit. Schwalbe, 1894. 
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The dimensions of the lung-roots are difficult to determine. They are nase—=a- 
rower below than above and shorter behind than in front. The lower posterior box—s0r- 
ders, which are formed by the inferior pulmonary veins, are of about the same lengr—=esth 
(2 cm.) on each side and very symmetrical. We may put the right root in front arm -and 
above at from 4-4.5 cm. and the left at about 1 cm. longer. They are thicke—== est 
above, and expand as they approach the hilum of the lung, where the diameter os 
approximately 3.5 cm., the left one being rather the thicker. The height at tri =he 
hilum is from 5-6 cm., probably sometimes rather more. 

The Relations of the Roots.—Below lies the pericardium covering the hear—ar 17, 
chiefly the left auricle. The great azygos vein arches over the right root from be<ae- 
hind, to join the superior vena cava, which is against the root in front. The arche of 


the aorta crosses the left root from before backward, being less closely applied to it 
behind than elsewhere. The oesophagus is behind the very beginning of the l-=—=tt 
root. The pleura is reflected over each root, which it completely envelops as it 


passes from the parietal into the visceral layer. The broad ligament of the lungs is —64 
fold of pleura extending downward from the end of the root. The phrenic nervy —®* 
of each side passes in front of the root, between the pericardium and the pleura. 


PRACTICAL CONSIDERATIONS : THE AIR-PASSAGES. 


The Trachea and Bronchi.—The elasticity and mobility of the trachea, th a= 
compressible character of its walls, the loose cellular tissue in which it lies, and th. a7 
variety of the structures with which it is in close relation should all be remembereo»—=4 
in considering its injuries and diseases. = 

Wounds of the cervical portion of the trachea—as in cut throat below the cricoic» sd 
—are not rare. The trachea is rendered more superficial by extreme extension 
the neck, and is also elongated. A deep wound may therefore sever it completely ~=&. 
in which case the lower end may retract below the level of the superficial wound SE—4, 
making the hurried introduction of a tracheotomy tube difficult. 

Rupture—' fracture’’—of the cervical trachea has resulted from contusion, anc ad 
in the presence of pre-existing disease has followed coughing. The depth of the a7¢ 
thoracic trachea protects it from all but penetrating wounds, .and these, on accoun =m 
of the important structures also implicated, are usually fatal. 

Disease beginning in or confined to the trachea is rare, but it may be involvecs= 7d 
in the extension of either bronchial or laryngeal morbid processes. The norm 
tracheal mucous membrane is said to resist cadaveric disintegration longer than any Y 
other mucous membrane of the body (Elsberg). 

Stenosis of the trachea, if from intrinsic change, is usually due to ulceration. #*©) 
either syphilitic or tuberculous, followed by cicatrization. It is, however, far mores>— © 
commonly due to extrinsic causes, the mechanism of which will be readily under——* 
stood if the relations of the trachea are recalled (page 1836). From above down— 
ward it is evident that the trachea may be compressed by enlargements of the thyroidE=>>4 
gland, by retro-cesophageal tumors or abscesses, by carotid, innominate, or aortic>> 8° 
aneurism, or by lymphatic swellings in the neck or near the bifurcation. As the=™ *¢ 
posterior part of the tracheal wall is musculo-membranous (partly in order to avoids 4 
undue pressure of the trachea on the cesophagus ), the impaction of a foreign body in = " 
the latter tube may cause tracheal narrowing. The trachea may be involved in dis- — © 
ease originating elsewhere, as in tuberculous infection of the thoracic lymphatic <== 
glands, or in carcinoma of the same glands, or of the cervical chain, or of the esoph- — * 
agus. Abscesses or aneurisms may ulccrate through its walls and empty into its 
lumen, suffocating the patient. The close relation of the trachea to the aorta makes 
it possible in some cases of aortic aneurism to hear a systolic bruit either in the 
trachea or at the patient’s mouth when opened. _ This is either the sound conveyed 
from the sac or is produced by the air as it is driven out of the trachea during the 
systole (Osler). The sign known as ‘‘tracheal tugging’’ also depends upon the 
same close relation. With the patient erect, his mouth closed and his chin elevated, 
when the cricoid is grasped between the finger and thumb and pressed gently and 

steadily upward, if aortic aneurism or dilatation exists, the pulsation of the aorta 
will be distinctly transmitted through the trachea to the hand (Oliver). 
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tinum ; the spinous process of any dorsal vertebra, with the exception of the first, 
eleventh, and twelfth, denotes the situation of the posterior extremity of the rib 
articulating with the transverse process of the vertebra immediately below ; the tips 
of the spinous processes of the first, eleventh, and twelfth dorsal vertebrae are above 
rather than opposite the transverse processes of the vertebrie immediately below ; 
the space between the ends of the transverse processes and the angles of the ribs 
varies from one to two and a half inches, according to the numerical position of the 
rib ; the incomplete rings of the bronchi render those tubes easily recognizable by 
touch ; they are found about an inch and a half anterior to the opening in the 
thoracic wall. 


THE LUNGS. 


The lungs are a pair of conical organs, each enveloped in a serous membrane,— 
the pleura,—occupying the greater part of the cavity of the thorax, and separated from 
each other by the contents of the mediastina. Although in general conical, the lung 
differs in many respects froma true cone. The base is concave, moulded over the con- 
vexity of the diaphragm, and descending farther at the back and side than at the front 
and internally. - The apex is not over the middle of the base, but much to the inner 
and posterior side of it, so that the back and inner side of the lung descend much 
more directly than the rest. The right lung is the larger on account of the greater 
encroachment of the heart on the left. 

The surfaces of the lungs are the dase, the external surface (which is the 
mantle of the cone from apex to base, and embraces all the periphery from the front of 
the mediastinal space around the wall of the thorax to nearly opposite the front of the 
vertebral column), and the sxternal or mediastinal surface. 

The borders are the ‘nferior, which surrounds the base, and the azterior and 
posterior, which bound respectively the back and front of the internal surface. 

The external surface (facies costalis), much the largest, is closely applied to 
the portion of the wall of the pleural cavity formed by the ribs and the intercostal 
muscles. The region of the apex is a part of this surface. It rises slightly—possibly 
1cm.—above the oblique plane of the first rib, which indents it towards the front. 
The apex itself is in the internal and posterior part of this region. — It rests closely 
against the firm fibrous structures that roof in this region, and is grooved trans- 
versely by the subclavian artery, more anteriorly on the right lung than on the left. 
A slight groove made by the subclavian vein may be found in front of the arterial 
one. The rest of the external surface is smooth, except where it may be slightly 
depressed beneath the individual ribs. It should be noted that a part of what is 
termed the external surface faces inward against the vertebral column and the first 
part of the ribs as they pass backward. The external surface descends lowest at the 
back and at the side. 

The internal surface (facies mediastinalis) is approximately plane, except for 
the cardiac fossa, which is much deeper on the left than on the right, and extends as 
far as the lower surface. The left lung presents a shelf-like projection from behind 
under this fossa, The other chief feature of the internal surface is the Az/im for the 
entrance of the structures composing the root of the lung. — It is situated nearer the 
back than the front and below the middle, being behind and above the cardiac fossa. 
The outline of the hilum in the left lung is approximately oval, with the lower end 
sharpened and the long diameter vertical. It is more triangular in the left lung, as 
the root expands forward near the top. The position of the bronchi and the chief 
vessels as they enter the lungs differs on the two sides. Aight dang : the chief bron- 
chus enters at the middle or lower part and its first branch near the top, both being 
at the back of the hilum ; the pulmonary artery, generally in two branches, enters one 
branch in front of the main bronchus and the other in front of the secondary bronchus, 
but at a higher level ; the superior pulmonary vein is high and in front of the higher 
arterial branch ; the inferior, often subdivided, is near the lower end of the hilum ; one 
branch may be in front of the bronchus and one below it. Leff org: the bronchus 
enters the back of the hilum rather above the middle ; the pulmonary artery is at the 
top, sometimes in two divisions ; the superior pulmonary vein is high up in front, 
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causing the ex; 
lower angle. Sete 
require a separate account for lung, 
The right ung presents a vertical groove 
above and in front for the superior vena 
cava, and one for the vena azygos major, 
which is distinct behind the upper part 
of the hilum and above it where this 
vein runs forward to the cava. The right 
subclavian artery, owing to its high origin 
from the innominate, indents but little of 
the en ares Ab ae or less 
marked verti ve for the ceso ae 
ee behind the hilum oe pelea t 

€ azygos. ere IS a groove 
below on the inner surface where the in- 
ferior vena cava turns forward to enter the 
heart. A slight impression made by the 
trachea may also be present near the 
apex. The inner surface of the /e/t dung 
is deeply grooved by the aorta arching 
over the root and descending behind it, 
the imprint growing faint and disappear- 
ing at the lower end. The left carotid 
and subclavian arteries make distinct 
impressions at the upper part diverging 
from the aortic groove. 

The base (facies diaphragmatica) is 
concaye, that of the right one being 
rather the more so. 


of them by the heart; since this encroachment is greater on 
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Groove for. 
innominate artery 





Preceding lung ; median aspect 


ward so as to meet the inferior border in a gradual curve. 


Both are semilunar in outline, owing to the 


Groove for 
vena azygas major 
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ion which makes the outline triangular, the inferior vein being in = Tine 
e inner surfaces are also marked by certain adjacent structures wh ech 





Inferior Tobe 
Right lung, hardened ém sifu; antero-lateral aspect. 


cut out 
the the base 
of that lung is a narrower 


crescent, 

The inferior border 
surrounds the base. The 
latter forms about a right 
— bese ee ae ae 

ce, but at # iphery, 
especially at the’ back/and 
at the side, a sharp edge 
of lung is prolonged down 
into the narrow space 
tween the diaphragm and 
the thoracic walls. The 
anterior border is sharp 
and somewhat irregular, 
often presenting a series of 
convexities. Starting near 
the apex, it descends on 
both lungs with a forward 
curve, which is most promi- 
nent in the sO 
that the lange neni or 
quite meet behind the ma- 
phe The anterior bor- 

er of the t then 
inclines pe 

On the left this convex- 


ity is changed into a sharp concavity where the border curves outward around the 


a — | 


he 


Fis. 1566. 
Apex 





Groove for 
subclavian artery 
Groove for 


Base 
Left lung, hardened it situ ; antero-lateral aspect. 


side of the column. 
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As this concavity ends in front, the anterior and inferior borders enclose 
prolongation of thelung towards the median line, known as the Hinguda. 
Is 


Hl 


terior border is yariously | 
pase ap pears rat to the th 
mass of lung that the region of 

thorax along the sides of the vertebra 
and the part of the ribs running back- 


ward. Pro » itis a ridge on 
the inner scot the apex, growing poe 
as it descends, but becoming vague and 
effaced at the lower end, The ition 
of this line is not the same on both sides, 
nor is it probably always lent on 
ben ay nary eee it is more 
regular, inning as the posterior bor- 
der of the aise Pi the subclavian ar- 
tery, and continuing as that of the aortic 
impression until it is lost near the lower 
border of the lung, Sometimes the be- 
ginning has no relation to the subclavian 
oove, but appears posterior to it, the 
ung-tissue forming a ridge which enters 
a little into the — between the oe 
of the spine and the esophagus, whi 
is here deflected to the left. The line 
behind the aortic groove lies on the side 
of the vertebrae, and consequently is the 
farther back the more the aorta is on the 


BE 


On the rigft the posterior border is farther forward, being 
about opposite the anterior surface of the spine. It may 


begin as the posterior bor- 


der of the subclavian groove, or more posteriorly, and continues as a ridge tending 


to insinuate itself between the spine and the contents of the 


erior mediastinum. 


From just above the root of the lung it is for a short distance continued as the back 


of the groove for the major 
azygos vein, below which 
it tends to pass between the 
esophagus and the pericar- 
dium, and finally disappears 
a little above the lower 
border. 

The Lobes and Fis- 
sures.—The lungs are di- 
vided into lobes by deep 
fissures. The pilef piste 
starts on the inner aspect of 
the lung, behind the upper 
part of the hilum, and as- 
cends to the posterior sur- 
face, which it may reach 
at the same level on both 
sides, or, as is perhaps more 
frequent, the right fissure 
may be one _ intercostal 
space lower. The fissure 
then descends obliquely 
along the outer aspect of 
the lung, and reaches the 


Inferior pul- 
monary vein 


suriace 





Diaphragmatic 


Fic. 1567. 
Groove for left subclavian 
artery 


Preceding lung; median aspect. 


inferior border, where it ends somewhat sooner on the right side than on the left. 
In the right lung this occurs at the front of the lateral aspect, while it is likely to 
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The weight of the lung is difficult to determine, owing to the impossibility of 
quite excluding fluids. Sappey puts it at 60 or 65 gm. for the foetus at term, and at 
94 gm. on the average for the new-born infant that has breathed (thus show 









ing convincingly the worthless: of the 
Fic. 1568. method), Krause gives the adult weight 
as 1300 gm. in the male and 1023 gm. in 


the f le deeapt a to Braune and 
Stahel, the weight of the right lung is to 
that of the left as 100:85. 

The specific gravity of the lung be- 
fore breathing is greater than that of water, 
so that the lung sinks in it. Wilmart! has 
recently stated it as 1068, which is the 
‘same as "s statement and greater 
than that of Krause (1045-1056). After 
breathing it may be as little as .342, but 
may go as high as .746. Probably figures 
like the latter represent either diseased or 
congested lungs, 
ae gmeneient i eas! of lit- 

e value, Acc to Krause, the length 
in man wy qt cm. 0 the right and 29.6 
External surface of lung, showing polygonal areas cm. on the n woman dimen- 
serrespaning to fobules mained, out by deposits sions are 21.6 cm. and 23 cm. respectively. 

difference in length between 


There is 
the lungs, but such as there may be is in favor of the Jeft. The other dimensions 
are Ghat more variable. According to Sappey, the antero-posterior diameter, 
which increases from above downward, finally reaches 16 or 17 cm, Krause gives 
the transverse diameter at the base in man as 13.5 cm. on the right and 12.9 cm. on 
the left, and in woman as 12.2 cm. >, ad 
and 10.8 cm. respectively. 

The average capacity of the 
age of a powerful man, after an 
ordinary inspiration, is stated at from 
3400-3700 cc, The vital capacity, 
which is the greatest amount of air 
that can be expelled in life after a 
forced inspiration, is from 3200-3700 
ec. for men and 2500 cc. for women. 

The Bronchial Tree.—The 
plan of the bronchi of the human lung 
(Fig, 1558) is as follows. The two 
Foner bronch?, resulting from the 

ifurcation of the trachea, run down- 
ward and outward into the lowest 
lateral part of the lungs, the right 
one descending more steeply. Their 
course has been variously described. 
That of the right one has been said 
to resemble a C with the concavity 
inward, and that of the left an S; 
but both comparisons are very forced. 
On their way they give off secondary . 
bronchi, which are divided into: ven- ®e!tions of Uy hos =) oT Sen ne wall a chew 
tral and dorsal branches. The vew- 
tral might more properly be called lateral, since they spring from the outer aspect of 
the primary bronchus. They are much the larger, and supply all the lung, except the 
apex and the posterior portion lying along the spine ; the latter is supplied by the 


' La Clinique, 1897. 
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departure from it one with symmetrical eparterial bronchi. The type found in man is the most 
common among mammals. Huntington would do away Sey with the terms “ eparterial”’ 
and ‘‘hyparterial,’’ except for purposes of topography. Certainly there is no need of them in 
human anatomy as a special study ; whether or not the arterial relations should, as Narath main- 
tains, be absolutely discarded in comparative anatomy, we must leave undetermined.! 
It must be admitted that were our knowledge derived solely from the human lung it would 
be impossible to make out this plan. We shall now describe what is actually to be seen. 
Distribution of the Bronchi.—In the righé dung the apical bronchus, with a diameter of 
about 1o mm., arises about 2 cm. from the trachea (often nearer and rarely farther), and, 
entering the top of the hilum, divides as described above. The diameter of the main trunk, after 
giving off the apical branch, is 12 mm. The first right ventral branch arises from its cuter side, 
about 5 or 6 cm. from the bifurcation of the trachea, and runs downward, outward, and for- 
ward. It is about 8 mm. in diameter. The apical branch and the first ventral supply the supe- 
rior lobe, of which the middle lobe is really a part. Shortly after the origin of the first ventral 
branch the chief bronchus seems to break up into a bundle of branches running mostly in the 
same general direction, but diverging. It is usually not possible to determine which is the 
main trunk, but the subcardiac branch may sometimes be distinguished. In the eff /ung the 
first branch is the first ventral, with a diameter of 12 mm., arising some 40 mm. from the bifurca- 
tion. It gives off the apical, 7 or 8 mm. in diameter, after which the diameter of the main 
branch is 12 mm, It presently breaks up like the right one. On this side the first ventral sup- 
lies the upper lobe. A branch from the second ventral goes to the accessory lobe, if there 
one. The branches of the left bronchus are very apt to give the appearance of being divided 
into an upper and a lower set, the former, consisting of the first ventral branch, bearing the 
apical an supplying the superior lobe, while the lower sheaf of branches supplies the inferior. 
The secondary bronchi give off branches of 4 or 5 mm. in diameter, which diverge at acute 
angles from the parent trunk, and in turn give off smaller branches at continually greater angles. 
The branches to the lobules are prom the fourth or fifth branches. They are about 1 mm. 
in diameter and arise by the subdivision of the preceding branch. In the larger tubes the 
ramification is clearly from the side, but in the smaller ones it is more suggestive of a splitting. 
His,’ Minot,? and more recently Justesen* defend the theory that the origin of the bronchi is 
throughout by bifurcation, with subsequent unequal growth of the subdivisions until we come to 
the smallest. Aeby gives the following table of diameters of the main bronchus above the origin 
of the chief branches, the nomenclature being his. 


F Right. Left. 
Above the eparterial branch... 2... 2... 12.8 mm. a, 
Above the first hyparterial branch. ....... g.6 mm. 10.1 mm. 
Above the second hyparterial branch... .. . 7.2mm. 7.7 mm. 
Above the third hyparterial branch... . .. 5.8 mm. 6.4 mm. 
Above the fourth hyparterial branch... .  . - 4.6mm. 5.3 mm. 


The variations of the bronchial tree are very numerous. Very rarely indeed the right 
ical branch does not spring from the primary bronchus, so that the disposition of the two 
sides is symmetrical. The origin of the left apical from the primary bronchus has been 
observed in two or three cases of infants, which also makes the arrangement symmetrical. 
Chiari® has seen several cases in which the right apical bronchus is double, the duplication 
being apparently due to the springing of one of its branches from the main bronchus. The 
right apical bronchus may spring from the trachea, as in the sheep and other mammals. We 
have such an instance in which it is separated from the chief bronchus by the azygos vein. 
The dorsal secondary bronchi are particularly likely to be reduced in number. The ventral 
ones may also be reduced by two having a common origin or by one becoming merely the 
branch of another. The number may be apparently increased by the separate origin from the 
parent stem of what are normally branches of branches. 


The Lung Lobule.—The surface of the lung is covered with lines of con- 
nective tissue containing blood-vessels and lymphatics, with pigment either within the 
latter or free, the lines marking off little polygons (Fig. 1568), which are the bases of 
pyramidal masses of pulmonary tissue known as the /oéx/es. The shape of the latter 
within the depths of the lungs is not accurately known ; those at the sharp borders 
are modifications of the typical ones at the surface. The bases of the pyramids at 
the surface are bounded by four, five, or six sides, the larger diameter varying from 
10-25 mm. and the smaller from 7-12 mm. If the base be assumed to be square, 
the average breadth would be 12.57 mm.* The average height is 13 mm. The 
lobules are separated from one another by a layer of connective tissue containing 


' The latest and most elaborate work on this subject is Narath’s Der Bronchialbaum der 
Saugethiere und des Menschen, Stuttgart, rgor. 
Archiv f. Anat. u. Phys., Anat. Abth., 1887. 
® Human Embryology, 1892. 
* Archiv f. mikro. Anat., Bd. Ivi., 1900. 
§ Zeitschrift fiir Heilkunde, Prag., Bd. x., 1890. 
® Bibliographie Anatomique, 1898. 
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vessels. Each lobule is entered by an ‘ntralobular bronchus (.5-1 mm. in dizm wn- 
eter), accompanied by its artery,—not quite at the apex of the pyramid, but sligam= tly 
to one side of it. The bronchus divides into two, at an angle of from go°-100™ , a 
little above the middle of the lobule, having previously given off two or three <—ol- 


lateral branches to its upper part. In the third 
quarter of the lobule the two subdivisions (2-3 
mm. in length) again split, with about the same 
degree of divergence as the parent stems, but in 
a plane ‘at right angles to that of the previous 
splitting. This is repeated in three or four suc- 
cessive bifurcations, a varying number of col- 
lateral branches being given off. Thus the num- 
ber of branches in the third quarter is much in- 
creased ; but it is in the last quarter and towards 
the periphery of the lobule throughout that the 
tubes break up into the great number of truly 
ultimate bronchi. The various collaterals, spread- 
ing and even reascending, undergo subdivision 
also. Laguesse and d’ Hardiviller' estimate the 
number of ferminal bronché (ductuli alveolares ) 
within a single lobule at from fifty to one hun- 
dred or even more. The slightly dilated distal ex- 
tremity of the terminal bronchus communicates 
with from three to six spherical cavities, the atria 
of Miller? (so named by him from the resemblance 
to the arrangement of an ancient Roman house). 
The atria, in turn, communicate with a group of 
larger and irregular cavities or a/r-sacs (sacculi 


Fic. 1571. 





Diagram showing relations of terminal = 
divisions of air-tubes. 2, bronchiole endim 2x!" 
terminal bronchi ( 7); latter divide into a Bist 
(4), each of which communicates with sev ==" 
air-sacs (s) into which open the alveuli € —¢'* 
A , ranch of pulmonary artery elles eS =——T 
chiole ; . pulmonary vein at peri 
lung-unit. (After Miller.) Pe 





alveolares), into which directly open the ultimate. air-spaces, the a/veoli or air-cec7™ Us 
(alveoli pulmonis). The latter open not only into the air-sacs, but also into the atria, ote 
dilated distal part of the terminal bronchus being likewise beset with scattered alvecs 

Miller holds that the terminal bronchus, the air-chambers connected with w 
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together with the vessels a —4" 
nerves, is the true lung-unse— MG 
and calls it the lobule. VW" =f 
cordially agree that this ig 
the true /ung-unit, and pra 7” 
pose that name for it, retase 0" 


ing the term ‘lobule’ fa for 
the above-described more - she 
less isolated portion of u& Sapir 
lung which is surrounded l 
connective tissue and vesse= : 
and receives a single inw= 

lobular bronchus and arterw7— Py e 
In some animals the lobules> °% 
are perfectly distinct ; the at. 


may be isolated in the infans® By 
and can be in the main easilz, * - 
made out in the adult. The 9° 
lung-unit, on the other hand s. 


Corrosion-preparation of lung, showing lung units. a. minute bronchus 1s not surrounded by areola 


ending im terminal bronchi 04, 41; ¢, atria; dy air-sac; e, alveoli. 





-* tissue, and its limits can | 


determined only by recon— ~ 


struction from microscopical sections ; hence, apart from its minuteness, it is practi 
cally too much of an abstraction to deserve the name almost universally applied too” 


something tangible. 


'Bibliographie Anatomique, tSg8, 


* Journal of Morphology, 143. Archiv f. Anat. u. Phys., Anat. Abth., goo. 
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Bettertiien eretd tats was esis Bede rn | 


Snare mtn Although superficially these appear to di nent from 


Se eeitis OF lung. ahibWing basl¥ air tubes and gee a pedis fy ig 5 e the walls of bronchioles 


“=r less cartilage is seldom present, As the cartilage disa the unstriped m 

Esroadens into a nies layer. which, however, qradiplby Hectnnes eee the 

=air-tube diminishes, and extends only as far as ten cme bronchi, Around the 
ircular openings, by which the latter communicate with the atria, the muscle is 
“ae as a sphineter-like band 
<Miller). 

The walls of bronchi of medium 
size consist of three coats, which 
from without in are: (1) an exter- 
nal fibro-elastic tunic which encloses 
the cartilage and blends with the 
surrounding lung-tissue ; (2) ausu- 
ally incomplete layer of involuntary 
muscle composed of circularly dis- 
posed elements ; (3) the mucosa, 
consisting of a stratum of compact 
elastic fibres next the muscle, the 
fibro-elastic stroma and the cili- 
ated columnar epithelium. Mucous 
glands, similar to those of the 
trachea, are present, decreasing in 
number and size until the bronchus 
approaches + mm. in diameter, 
ets they disappear. Their chief 
+s secret outside the — ee ae 

. which is pierced by the ducts. es 
Taidition to diffused cells within stim 3 Coated AS ee 
the mucosa, more definite aggre- 
gations of lymphoid tissue occur as minute lymph-nodules along the bronchi, the 
points of bifurcation of the latter being their favorite seats. 

The epithelium lining the air-tubes retains the ciliated columnar type, with many 


Fic. 1574. 
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is highly probable that such cells are important agents in transporting 
the particles of inspired carbon through the walls of the air-cells. Additional par- 
ticles, however, usually occupy the cement-substance between the ee per oats a: 
cells, sometimes lying 
Fic, 1576. ently within the cyt Le 
ao the latter, 
Lisiig— Te palais SHOP 
ung.— artery, 
serving not for the nutrition of 
the lung but for the aération of 
the blood, is large,—at 
first larger than bronchus, 
which it follows very closely 
throughout its ramifications to 
at first anterior to the bronchus, 
it passes onto its sul 
then onto its outer side, and in 
most cases twists around the 
bronchus, so as finally, when 
Mor in the lun: ie iat 
aspect. is is very dif- 
ferent from Aeby’s alleged cross- 
ing of the main bronchus, The 
3S arterial branches accompa 
Portion of injected and inflated lung. 80. the apical bronchus are in the 
main anterior to the tubes in the 
fight lung and behind them in the left. According to Narath, the general course 
of the artery along the main bronchus is between the ventral and dorsal branches ; 
but, as he states, this 
is not constant. We 
have found certain 
ventral bronchi in 
the lower part of the 
lung with the artery 
before them, An in- 
tralobular branch en- 
ters each lobule near 
the apex with the 
bronchus, and follows 
its ramifications until 
the ultimate bronchi 
have ended in the air- 
chambers of the lung- 
unit. The terminal 
arterioles are in its 
interior until they 
break up into capil- 
laries in the walls of 
the alveoli. Side tining al- 
branches, interlobu- **"' 
fay arteries, run in 
the connective tissue 
between the lobules. 
It is from these, ac- 
cording to Miller, that the subpleural net-work is filled ; formerly the latter was 
held to be supplied by the bronchial arteries. 
The pulmonary veins, which return the aérated blood to the left auricle, are also 
large when they leave the hilum,—two on each side, one near the top and the other 








Section of lung, showing collections of particles of carbon in perivascular connective 
tissue, %& 149. 











THE LUNGS. 1855 


kandl,' the pulmonary veins anastomose freely with those of the organs of the pos- 
terior mediastinum, and even of the portal system. 

The /ymphatics of the lung are very numerous. The deeper ones probably 
begin as lymph-spaces within the interalveolar septa, distal to the terminal bronchi, 
distinct lymphatics being found only along the arteries and veins. These commu- 
nicate with the subpleural lymphatic plexus. Surrounding the walls of the terminal 
bronchi Miller found usually three lymph-vessels. The latter increase in size and 
aumber as the calibre of the air-tubes enlarges. On reaching the bronchi the lym- 
phatics form plexuses along them which ultimately open into the lymphatic nodes, 
which are numerous in the hilum and in the roots of the lungs. According to Miller, 
where cartilage-rings are present a double net-work exists, one on each side of the 
cartilage, the inner lying within the submucosa. The lymph-nodes of the lungs are 
deeply pigmented, owing to the colored particles of foreign substances inspired. 

Nerves.—The nerves of the lungs, from the pneumogastrics and sympathetics, 
form the very rich anterior and posterior pulmonary plexuses about the roots, whence 
they enter the lungs, running along the branches of the bronchial arteries and the 
bronchi to their ultimate distribution in the septa between the alveoli (Retzius, Berk- 
ley). The nerves are destined chiefly for the walls of the blood-vessels and of the air- 
tubes. Berkley describes interepithelial end-arborizations within the smaller bronchi. 


THE RELATIONS OF THE LUNGS TO THE THORACIC WALLS. 


The relations of the median and diaphragmatic surfaces of the lungs have been 
given (page 1844). The apex rises vertically about 3 cm. above the level of the upper 
border of the first costal cartilage and about 1 cm. above the level of the clavicle. 
These distances are,to be reckoned on a vertical plane, not on the slanting surface of 
the root of the neck. They vary extremely, depending, as they do, on the formation 
of the body. Thus a sunken chest, which means a very oblique first rib, would have 
more lung above the cartilage than a full chest with a more nearly horizontal first rib. 
In extreme cases the lung may rise as much as 5 cm., or as little as 1 cm., above the 
first cartilage. The plane of the inlet of the chest is made by the oblique first ribs. 
The fibrous parts enclosing it are dome-like, the roof of the cavity. to which the lung 
is closely applied, swelling upward perhaps 1 cm. above this oblique plane ; the 
top of the lung, however, is never above the level of the neck of the first rib. It 
was formerly taught that the right lung rises higher than the left. As a rule, there is 
no appreciable difference between the two sides. The most that can be said for the 
old view is that, if there be some trifling difference, it is probably rather more often 
in favor of the right. The anterior borders of the lungs descend obliquely behind 
the sterno-clavicular joints, and curve forward so as to nearly, or quite, meet in the 
median line on the level of the junction of the manubrium and body of the sternum. 
Below this the right Jung extends a little across the median line and the left recedes 
slightly from it. The right border leaves the sternum at the sixth right costal carti- 
lage, to which it has gradually curved, runs along that same cartilage, or a little above 
it, to its junction with the sixth rib, then crosses the ribs, passing the eighth at about 
the axillary line, and reaches the spine at the eleventh rib or a little higher, the 
guide being the spine of the tenth thoracic vertebra. The lowest part of the lung is 
on the side at the axillary line or behind it, but the line thence along the back, 
although rising a little, is very nearly horizontal. The course of the border of the left 
lung is essentially the same, except that, leaving the sternum at the fourth cartilage, 
or at the space above it, the border describes a curve with an outward convexity, 
exposing a large piece of the pericardium, and turns forward to end as the lingula 
opposite the sixth cartilage, some distance to the left of the sternum. As this point 
depends on the development of the lingula, it cannot be stated accurately. It may 
be said in general to be 3 or 4 cm. to the left of the median line. The greatest depth 
of this curve is in the fourth intercostal space, about § em. from the median line. The 
course of the inferior border along the side and back is practically that of the right 
one, although, perhaps. the left lung may descend a trifle lower at the side. At the 
back the lower borders are very symmetrical. 


) Siwungsberichte d. Wiener Akad., Bd. Ixxxiv., 1881. 
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Apart from variations in the lungs themselves, the different shapes and sizes of 
the chest, with the consequent differences in the inclination of the ribs, make these 
relations very uncertain, especially at the side. In forced respiration there is no 
change in the relations of the top of the lungs and the dome of the pleura, as they 
are always in close apposition, and but little change in the first part of the anterior 
borders. The latter, however, approach one another behind the sternum in forced 
inspiration, a considerable advance of the left lung taking place at the cardiac notch, 
We agree with Hasse that during inspiration the anterior parts of the lungs rise 
just about as much as the thoracic walls. The greatest changes of relations are below 
and at the side. It is said that in the axillary line the border may descend as much 
as from 3-4 cm., and at the back as much as 3 cm. According to Hasse,’ the 
lower border of the lung in the axillary line never descends nearer to the lower 
of the thoracic wall than 7 cm. on the right and 5 cm. on the left. He finds that in 





Semidiagrammatic reconstruction, showing relations of pleural sacs (blue) and lungs (red) to thoracic wall: 
anterior aspect. 


extreme expiration the lower borders of the lungs rise in the axillary lines to 13 cne— 
on the right and 14 cm. on the left above the lower border of the chest. He state 
also that the anterior borders may withdraw to the parasternal lines (vertical line? 
dropped from the inner third of the clavicles), which to us appears excessive. Ir¥ 
our opinion, the great factor in the expansion of the lungs is the increase in the vari— 
ous diameters of the chest rather than the changes of relation of the borders of the™ 
lungs to the walls. 

The relations of the fissures to the surface are rather variable. The chief ones 
ascend from the hila and reach the posterior surface at the sides of the vertebral col- 
umn, generally at different levels, the right being the lower. We must, therefore, 

‘Die Formen des menschlichen Korpers und die Formiinderungen bei der Athmung, 
Jena, 1888 and 18go. 
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most importance to the course of the main bronchus: ‘‘On the posterior wall —— the 
course of the left bronchus is from a point to the right of the fourth thoracic spirmmmme to 
a point on the eighth rib three inches to the left of the spine. The course of the 


right bronchus is from the same point above to a point on the eighth rib two in=——ches 
to the right of the spine. On the anterior wall the course of the left bronchus is Eamilfrom 
the lower part of the second right sterno-chondral articulation to a point on the fifth 
rib just internal to the mammillary, and of the right bronchus from the same pa=>oint 
above to the intersection of the fifth rib with the parasternal line.’’ The hilus==m is 
opposite the bodies of the sixth and seventh thoracic vertebra and a part of the 
adjacent ones. 

(The changes of the relations of the lungs during growth and in old age are 
considered with those of the pleurz. ) 


THE PLEURA. 


The pleurz are a pair of serous membranes disposed one over each lung and —athen 
reflected so as to line the walls of the cavity containing it, thus forming a dismmmmminct 
closed sac about each lung ; hence the pleura is divided into a wiscera/ and a par—=etal 
layer. The latter is subdivided according to its situation into a mediastinal, a co ==stal, 

a cervical, and a diaphragmatic fart. 
Fic. 1582. The wisceral layer closely invests the 
lung, following the surface into the 
depth of the fissures. It leaves the 
lung at the borders of the hilum and 
invests the root for a short distam nce 
(1-2 cm.), when it leaves the la. @ter 
and spreads out as the mediastae= nal 
pleura, which is applied, back= 
back, to the’ pericardium, thus fo 2=™- 
ing on each side a vertical ante==T” 
posterior septum between the lu_="8* 
and the contents of the mediast=ss"4 
The prolongation over the root is not 
quite tubular, since a triangular f-—— © 
tal fold extends from beneath the ro 
to the inner side of the lung, grow — ‘8 
narrower as it descends, to end aca ¢ or 
near the lower borders. This is the 
broad ligament of the lung (igauea ee" 
tum latum pulmonis). Its line of 9 ~ a 
tachment to the lung often slass=nts 
backward. The mediastinal pleus=—™. 
besides being applied to the side == of 
the pericardium, lies also against so <M 
i of the structures of the other mes==@" 
astina, Above it is in contact with aa the 
thymus on both sides, the super— 1 
vena cava on the right and the arcasarch 
of the aorta on the left. The phreme _™ 





Semidiagrammatic reconstruction, showing relations of nerve descends on each side betwe==—"" 
right pleural sac ¢blue) and lung (red) to thoracic wall; lateral. ~% . i. tcomithe 
aspect. it and the pericardium in front of 


root of the lung. In the posters 
mediastinum it hes against the left side of the descending aorta and the right of t h 
upper part of the yreater azygos vein. It is in contact with nearly the whole of t aa 
cesophagus on the right, and just before the latter passes through the diaphragm & 
the left also. It covers the gangliated cord of the sympathetic on both sides as 
passes into the costal pleura, and is here stretched so tightly across the terminatio | ri 
of the intercostal veins as to keep their walls distended. Anteriorly it crosses t h 
areolar tissue of the anterior mediastinum below the remnants of the thymus. ! 


-it 


> t t 

turns suddenly outward at the level of the seventh cartilage. _Laterally the pleura run 
pga to the cartilages of the sixth rib on the left feaan pcr ois tee ht, 
but both cross the eighth rib at or near the junction of bone and Inth | 

or a little behind it, the pleura crosses the tenth rib at about the same place on 
both sides, and usually ends posteriorly opposite the meta a the twelfth thoracic 
vertebra, the right one being often the lower (Tanja). While such is the general 
outline, there are considerable and important variations both anteriorly and pos- 
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most importance to the course of the main bronchus: ‘‘On the posterior wall the 
course of the left bronchus is from a point to the right of the fourth thoracic spine to 
a point on the eighth rib three inches to the left of the spine. The course of the 
right bronchus is from the same point above to a point on the eighth rib two inchs 
to the right of the spine. On the anterior wall the course of the left bronchus is from 
the lower part of the second right sterno-chondral articulation to a point on the fifth 
rib just internal to the mammillary, and of the right bronchus from the same point 
above to the intersection of the fifth rib with the parasternal line.’ The hilumis 
opposite the bodies of the sixth and seventh thoracic vertebrae and a part of the 
adjacent ones. 

(The changes of the relations of the lungs during growth and in old age are 
considered with those of the pleurz. ) 


THE PLEURA. 


The pleurz are a pair of serous membranes disposed one over each lung and then 
reflected so as to line the walls of the cavity containing it, thus forming a distinct 
closed sac about each lung ; hence the pleura is divided into a viscera/and a paridal 
fayer. The latter is subdivided according to its situation into a mediastinal, a costal, 

a cervical, and a diaphragmatic patt 

Fic. 1582. The zisceral layer closely invests the 

lung, following the surface into the 
depth of the fissures. It leaves the 
lung at the borders of the hilum and 
invests the root for a short distance 
(1-2 cm.), when it leaves the latte 
and spreads out as the mediasti 
pleura, which is applied. back © 
back, to the’ pericardium, thus for™ 
ing on each side a vertical antes” 
posterior septum between the lu #75 
and the contents of the mediasts = 
The prolongation over the root is 
quite tubular, since a triangular fr 
tal fold extends from beneath ther <©° 
to the inner side of the lung, grow 
narrower as it descends, to end at—' 
near the lower borders. Thisis 
broad ligament of the lung (ligames™ 
tum latum pulmonis). Its line of 
tachment to the lung often sla—— 
backward. The mediastinal pleu 
besides being applied to the side ‘ 
the pericardium, lies also against som 
of the structures of the other mes=— 
astina. Above it is in contact witht. = 
thymus on both sides, the superi © 
vena cava on the right and the aro” 
of the aorta on the left. The phrenst— 
; tammatic reconstruction, showing telauens of — nerve descends on each side betwee” 
fle pleural sac eblue) and lung Cred) te thoracic wall; lateral it and the pericardium in front of tk 

root of the lung. In the posteric—7 
mediastinum it hes against the left side of the descending aorta and the right of the 
upper part of the greater azygos vein. It is in contact with nearly the whole of the# 
esophagus on the right, and just before the latter passes through the diaphragm os = 
the left also. It covers the gangliated cord of the sympathetic on both sides as i 
passes into the costal pleura, and is here stretched so tightly across the terminations 
of the intercostal veins as to keep their walls distended. Anteriorly it crosses the” 
areolar tissue of the anterior mediastinum below the remnants of the thymus. It 
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the intercostal, the phrenic, t 
and the pneumogastric nerves, 

Development of the eapiater 
Sf Vie even Saye) tract ive digest as 

an outgrowth the primitive digestive 

Teiested mPa anaes TAC tube, “Early in the ted wet ia.emmbryes 

of little over 3 mm, in I 

sti ag eee on the ventral wall of the fore-gut, extending fr ‘he pri iti 

e well towards the stomach below. This groove | 

me aes and finally separated from the fore-gut as a distinct tube, the differen- 

tiation resulting in the production of two canals,—the respiratory tube in front and 

the esophagus behind. Separation and completion of the former proceeds from 

the lower end of the groove upward as far as the pharynx, into which both cesopha- 

gus and air-tube open. The cephalic end of the latter becomes enlarged and forms 

the larynx, the adjoining portion correspond- 
ing to the trachea. Fic. 1586. 

The Lungs.—The distal extremity of eat 
the primary respiratory tube soon enlarges 
and mes bilobed, pouching out on each 
side into a lateral diverticulum which rep- 
resents the primitive bronchus and lung. 
These pulmonary diverticula elongate and 
subdivide, the right one, which is somewhat 
the larger, breaking up into three secondary 
divisions and the left into two, thus early 
foreshadowing the later asymmetry of the 
lung-lobes. Since the primary air-tube lies 
medially in the dorsal attachment of the sep- ~ 
tum transversum, the pulmonary buds extend 
laterally and backward into the dorsal parie- 
tal recesses (later the pleural cavities), carry- 
ing before them a covering of mesoblast. 

The primary lobes increase in size and 
complexity as additional outgrowths arise by 
the division of the enlarged terminal part of is 
each diverticulum. The resulting divisions, L sagittal sont ere, Fats 
or new bronchi, are at first equal, but soon us ing hee growing dowawart Se ee 
grow at an unequal rate, the one elongating 
most rapidly becoming so placed as to continue the main air-tube, while the less 
sapidly elongating division becomes a lateral branch. The repeated bifurcation in 
this manner results in the production of a chief bronchus, traversing the entire 
length of the lung, into which open numerous lateral tubes or secondary bronchi, 
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The vezns of the visceral pleurz are tributary to the pulmonary system ; those 
of the parietal pleurze open into the veins corresponding to the arteries. It is 
important to note that the intercostal spaces have many veins and that the pleura 
over the ribs has but few, these chiefly communicating with the veins above and 
below them. Owing to the arrangement by 
which the intercostal veins are kept open, the 
venous circulation of the parietal pleura is 
under the influence of the suction power both 
of respiration and of the heart. 

The lymphatics are numerous over the 
lungs and also in the intercostal spaces. 
Those of the parietes open into both inter- 
costal and substernal lymph-nodes. 

Nerves.—The nerves of the visceral 
pleure are from the pulmonary plexuses, con- 
taining both pneumogastric and sympathetic 
fibres ; those of the parietal pleurze are from 
the intercostal, the phrenic, the sympathetic, 
and the pneumogastric nerves. 

Development of the Respiratory 
Tract.—The respiratory tract develops as 
an outgrowth from the primitive digestive 
tube. Early in the third week, in embryos 
of little over 3 mm. in length, a longitudinal 
groove appears on the ventral wall of the fore-gut, extending from the primitive 
pharynx above well towards the stomach below. This groove becomes deeper, 
constricted, and finally separated from the fore-gut as a distinct tube, the differen- 
tiation resulting in the production of two canals,—the respiratory tube in front and 
the cesophagus behind. Separation and completion of the former proceeds from 
the lower end of the groove upward as far as the pharynx, into which both cesopha- 
gus and air-tube open. The cephalic end of the latter becomes enlarged and forms 
the larynx, the adjoining portion correspond- 
ing to the trachea. 

The Lungs.—The distal extremity of 
the primary respiratory tube soon enlarges 
and becomes bilobed, pouching out on each 
side into a lateral diverticulum which rep- 
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Injected lymphatics of pleura, seen from surface. 
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resents the primitive bronchus and lung. 
These pulmonary diverticula elongate and 
subdivide, the right one, which is somewhat 
the larger, breaking up into three secondary 
divisions and the left into two, thus early 
foreshadowing the later asymmetry of the 
lung-lobes. Since the primary air-tube lies 


medially in the dorsal attachment of the sep- ~ 


tum transversum, the pulmonary buds extend 
laterally and backward into the dorsal parie- 
tal recesses (later the pleural cavities), carry- 
ing before them a covering of mesoblast. 
The primary lobes increase in size and 
complexity as additional outgrowths arise bv 
the division of the enlarged terminal part of 
each diverticulum. The resulting divisions, 
or new bronchi, are at first equal, but soon 
grow at an unequal rate, the one clongating 
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most rapidly becoming so placed as to continue the main air-tube, while the less 
rapidly elongating division becomes a lateral branch. The repeated bifurcation in 
this manner results in the production of a chief bronchus, traversing the entire 
length of the lung, into which open numerous lateral tubes or secondary bronchi. 
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_ The consequences are interlobular emphysema, the air having escaped from 

the ruptured air-cells into the connective-tissue spaces of the lung (ede ); 
emphysema, the air reaching the subcutaneous cellular tissue of the and 

trunk» h a ruptured pleura, or, the pleura being unbroken, passing from the 
| root of the lung into the mediastinum and thence to the base of the meth, pnenmo- 
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thorax, the air entering the pleural cavity ; in traumatic interlobular emphysema, or 
pneumothorax, the chest on the affected side will be hyper-resonant, the vesicular 
murmur will be feeble or absent, and in the latter there may be amphoric breathing 
and—if there is a coincident effusion—metallic tinkling ; Aemoptysis, not an invaria- 
ble symptom in either these injuries or lacerations by fractured ribs, probably because 
they are usually on the external lung surface and remote from the larger bronchi 
(Bennett); Ae@mothorax, indicated by percussion dulness gradually extending upward, 
by weakness or absence of respiratory murmur, by bronchial breathing over the 
compressed lung, and by absence of vocal fremitus. 

Penetrating wounds of the lung will have many of these signs plus the escape 
of blood from the external wound. _ In the absence of hemoptysis, the possibility of a 
wound of the costal pleura and of an intercostal or internal mammary artery 
causing haemothorax, dyspncea (from pressure), and hemorrhage, apparently in- 
fluenced by respiration, should be borne in mind. Wounds of the pleura without 
involvement of the lungs are rare, the visceral pleura being closely adherent to the 
lung surface and the two pleural layers in close contact with each other. At the base 
of the pleura, where a potential cavity (page 1859)—vcosto-phrenic sinus—exists 
between the costal and diaphragmatic layers, a wound could penetrate both layers 
and the diaphragm and open the abdominal cavity and involve the liver or spleen 
(page 1788) without implicating the lung, which even in forced inspiration does not 
descend to the bottom of this sinus. Wounds of the pleura are apt to be followed 
by pneumothorax and by collapse of the lung, which is partly driven back towards 
its root and the vertebral column by the atmospheric pressure from without, and 
partly drawn there by its own elasticity even when the pressure within and without 
is equal. In operations for empyema this collapse of the lung may take place, but 
is infrequent because the pulmonary tissue has often already undergone considerable 
compression, and because the atmospheric pressure is resisted by preformed pleural 
adhesions. 

General emphysema is often associated with wounds of the lungs and pleura. It 
may be due to (a) escape of air from a pneumothorax into the subcutaneous tissue 
during respiratory movements, or (4) escape of air direct from injured lung-tissue 
when pleural adhesions about the wound prevent the formation of a pneumothorax. 
Its occasional occurrence in laceration of the lung without external wound and 
without involvement of the pleura has been explained (vide supra). It may follow 
a non-penetrating wound of the chest if the opening happens to be valvular, so that 
the air drawn in during respiratory movements cannot make its exit by the samme 
channel. 

Pneumocele—hernia of the lung—is rare as a result of thoracic wounds bec=m0* 
the elasticity of the lung-tissue and atmospheric pressure tend to cause collapse and 
retraction of the lung rather than protrusion. When it is primary it therefore fol 0% 
(a) a limited and oblique wound through which air cannot freely enter the ple— 
cavity, although the egress of the lung under the pressure of muscular effort or— 
strain of coughing is unopposed ; or (6) a very large wound when the lung esc===P© 
at the moment of injury (Bennett). Treves says that these recent herniz are 
common at the anterior part of the chest where the lungs are most movable, and —=ithat 
the injuries that cause them are often associated at the time with violent respiras= OY 
efforts. 

Pneumocele is more apt to follow the rare wounds that divide only the costal plem#%, 
as a wound of the luny itself tends to the production of a pneumothorax—whs ich 
would lead to collapse of the lung—and instantly lessens the pressure of air CO” 
tained in the lungs and trachea, one of the forces favoring protrusion. 

Diseases of the pleurze and lungs can here be very briefly summarized only with 
reference to the anatomical factors. 

Pleurisy is at first attended by a‘ friction-sound’’ due to the roughening of the 
opposed. surfaces of the visceral and parietal pleurce by fibrinous exudate. ter it 
may be lost by reason of (a) the temporary disappearance of the roughness, (6) 
the formation of adhesions between the surfaces, or (¢) their separation by effusion. 

It is lost momentarily when the patient holds his breath, which will serve to differ- 
entiate it from a pericardial friction-sound. As the costal pleura, the intercostal 
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pleura, as its weight depresses the diaphi the pericardium, which is attached to 
the central tendon, descends also, and with it the apex of the heart. At the same 
time the heart is pushed towards the right so that the apex beat may be felt in the 
epigastrium (Owen). 

An empyema ma: and discharge itself spontaneously, in which case it 
Giten dees 60 at about’ ppligeitemas tor beneath and external tb the chondro- 
costal junction (Marshall). At this place the se chestaeall is exceptionally thin, as the 
region is internal to the origin of the serratus magnus, external to the insertion of 
the rectus, and above the origin of the external oblique (McLachlan). 

Evacuation of the fluid may be effected by paracentesis—in pleurisy with serous 
effusion—through the sixth or seventh intercostal space in the mid-axillary line, or 
through the eighth or ninth space just anterior to the angle of the scapula. The 
same regions are selected for ¢horacolomy—incision and drainage—in empyema. The 
former site is usually preferred for anatomical reasons aie vel (page 17 170). 

Pneumonia is often limited to one lobe of a lung, y the lower. The fis- 
sure between the two lobes of the narrower left lung runs from the third rib behind, 
or from about the third dorsal spinous process or the inner end of the spine of the 
scapula, to the base in front. The fissure between the two lobes of thet right lung 
bering a at about the same level behind and extends to the base of the lung anteriorly, 

ere it crosses the posterior axillary line a second fissure springs from it which 

passes horizontally forward to the fourth chondro-costal junction making the middle 
ieee Both lower lobes are posterior to the anterior lobes, and on both sides the 
fissures run from the level of the inner end of the spine of the scapula behind to the 
base in front. Therefore the dulness, crepitant rales, bronchial breathing, and 
increased vocal fremitus of a lobar pneumonia affecting the base would often be below 
that line posteriorly and would be less marked in ree ; while the flatness, prolonged 
expiration, and other physical signs of a tuberculous infection (which affects by 
peau the upper lobe) would be above the spine of the scapula posteriorly, and 

er would be more marked anteriorly. 

The relations of the lungs to the thoracic walls have been described in detail 
{page 1855). 

The congestion and cedema which precede the so-called ‘‘ hypostatic pneumonia’’ 
are very apt to begin in the thick lower and posterior portions of the lower lobes in 
weak or aged persons kept long in the supine position. 

Tuberculous infection of the lungs is found oftenest in the apices, probably 
because of the relatively defective expansion in that region which exists in all persons, 
and particularly in those of the so-called phthisical type, with round shoulders, long 
‘necks (page 143), and flat chests ; possibly also because of the greater exposure to 
changes of external temperature ; and perhaps somewhat owing to the short distance 
intervening between the outside atmosphere and the ultimate bronchioles where 
tuberculous pulmonary disease usually has its inception. 

The physical signs are those indicating consolidation followed by softening or 
the formation of a cavity (vide supra), 
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or ureter, which also emerges at the hilum. The interspaces between these strucbus==ires 
are filled with loose areolar tissue, in which lie accumulations of fat continuous weeeewvith 
the perirenal tunica adiposa. 

Position.—The kidneys lie behind the peritoneum, embedded within the =~ ub 
peritoneal tissue, so placed against the side of the vertebral column and the 
abdominal wall that they occupy an oblique plane, their anterior surfaces look= = 
forward and outward. The long axes of the organs are not parallel, but oblique t¢ 
the spine, in consequence of which disposition the upper ends of the two organs =—=—aré 
closer (8.5 cm, ) than the lower extremities (11 cm. ), the planes of the inner marg==———ins 
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Dissection of abdomen, showing kidneys in position and course aed relations of ureters. 


being anterior to those of the external, The greater part of both kidneys lies within 
the epigastric region, but their outer margins reach within the hypochondrae areas 
and their lower ends ordinarily encroach to a limited and variable extent upon the 
umbilical and lumbar regions. The intersection of the plane of the transverse infra 
costal line and that of the vertical Poupart line usually passes through the lower pole 
of the kidney, falling, as a rule, somewhat higher in the-right than in the left 
Approximately the kidneys may be said to lie opposite the last thoracic the 
upper two lumbar vertebra, reaching to within from 2.5-3.5 em. (1-136 in.) of the 
highest part of the iliac crest. The exact level of the kidneys, however, is subject 
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“ 
to considerable individual variation, as well as usually differing on the two sides in | 
the same subject. The right organ commonly lies somewhat lower than the left, in f 
consequence chiefly of the greater permanent volume of the right lobe of the liver, 
Not infrequently the kidneys occupy the same level, and in exceptional cases the 
ordinary relations may be reversed, the right lying a trifle higher than the left. _ 
Addison’ found that in 30 per cent. of the subjects examined by him the right 
wag 5 lay as high or higher than the left. According to Helm,* in women the kid- 
neys lie, asa wile: about one-half of a lumbar vertebra lower than in men, this differ- 
ence ding upon the smaller size of the vertebre and the greater curvature of 
the lumbar spine in the female subject. , 
As a tule, the right kidney extends from the upper border of the last thoracic 
to the middle of the third Jumbar vertebra, or somewhat below the lower border of 
the third lumbar transverse process. While always obliquely crossed by the twelfth 
rib, the outer margin of the right kidney usually falls short of the eleventh rib, 
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Cross-section of formalin-hardened body at level of first lumbar vertebra, 


Since the left kidney usually lies from 1.5-2 cm. higher than the right, its 
upper pole is opposite the lower half of the eleventh thoracic vertebra, its lower level 
being opposite the lower border of the second lumbar vertebra and the third transverse 
process, Its outer margin may reach, or be crossed by, the eleventh rib; the 
costal relations are, however, variable and influenced by the obliquity of the ribs, 
which is greater when the ribs are well developed than when they are rudimentary. 
The kidneys in young children in general lie somewhat lower than in later life. 

Fixation.—Although possessed of mobility to a limited degree,—slight depres- 
sion and elevation probably normally accompanying respiratory movements,—the 
kidneys have a fairly fixed position, The maintenance of the latter has been 
variously ascribed to the support afforded by the peritoneum, the perirenal con- 
nective tissue and fat, the blood-yessels, and the surrounding organs, all of which 
during life may contribute to this end. Gerota, however," has shown that, apart 
from the blood-vessels and, especially in children, the suprarenal bodies, the peri- 
toneum and adjacent organs may be remoyed without materially lessening the fixation 
of the kidneys, the latter receiving support particularly from their peculiar and inti- 
mate relations with the subperitoneal tissue. This, in the vicinity of the kidney, 

! Journal of Anatomy and Physiology, vol, xxxv., 1901. 
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pees iciutiktas place during she development (page 1704) of the lana te 
between the original neces peritoneum and that covering the applied surface. the 


primary mesen of descending colon; in consequence, the left stele 
vented aeriny with a supertoneal layer of exceptional strength. When, for 
various reasons, the tonicity of the tissues oe the kidney becomes impaired 
and these structures become abnormally lengthened, the organ may acquire undue 
mobility and suffer displacement. 


Relations.—The position of the kidneys being wholly i |, the 
posterior relations of both organs are chiefly muscular, since — lie closely 
applied to the diaphragm, psoas magnus, quadratus lumborum, and the posterior 


aponeurosis of the transversalis, the parietal fascia and perirenal areolar tissue alone 
intervening. The inequalities in the obo parr structures produce corresponding 
modelling of the opposed renal surfaces, which is clearly distinguishable on organs 
hardened in situ. In specimens hardened in foitoaliny the area appears as a nar- 
row, slightly depressed tract along the inner border ; an adjoining broader band marks 
the area for the quadratus lumborum, beyond which the outer part of the posterior sur- 
face rests upon the transversalis apo- 

neurosis. The crescentic diaphragmatic Fis. 1594. 

area crosses the upper pole, the inner 
limb of the crescent marking the con- 
tact with the rary In organs hardened 
in the recumbent posture, conspicuous 
and probably exaggerated indentations 
show the former position of the trans- 
verse processes of the second and third 
lumbar vertebra. An oblique, shallow 
furrow crossing the kidney from the 
upper pole outward, eaaliel locates the 
course of the twelfth rib. In connec- 
tion with the posterior relations of the 
kidneys, it is im t to recall the 
inferior limits of the pleural sacs (pa; page 
1859), which, where they cross 
twelfth rib, may descend as low as the 
level of the first lumbar transverse pro- 
cess and therefore cover the upper part 
of the kidneys. 

The anterior relations of the 
kidneys differ on the two sides, not 
ey as red the viscera concerned, a 
also in the manner of their contact an Di “ 
the consequent extent of the renal peri- oaexting & a fr efeitos niet eam 
toneal investment. Primarily the entire 
visceral surfaces of the kidneys are covered by serous membrane ; later this inyest- 
ment becomes only partial, in consequence of the permanent attachment which certain 
organs, as the pancreas, duodenum, and colon, obtain. When these viscera undergo 
the backward displacement incident to acquiring their final location, they are pressed 
against the abdominal wall and the kidneys, to which they become attached by 
areolar tissue, since the intervening opposed peritoneal surfaces lose their serous 
character. Where the organs touching the kidneys remain covered with peritoneum, 
the renal areas of contact retain the original serous investment. 

The right kidney is in relation with the corresponding suprarenal body, the liver, 
the duodenum, the hepatic flexure of the colon, and, to a limited extent, usually the 
small intestine. The right suprarenal body covers the upper pole and adjacent part 
of the inner border of the kidney, the surface of contact being devoid of peritoneum, 
since the organs are closely connected by areolar tissue. The liver covers the larger 
part of the anterior surface and outer border of the kidney, which models the hepatic 
tissue as the conspicuous renal impression seen on the inferior surface of the organ. 
Both the liver and the kidney are invested by serous membrane, and are, therefore, 
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foximately the median half of the interior of the organ. The greatest 
ee sinus corresponds with the long axis of the kidney, the shortest with 
the anterior and posterior walls. The space—most extended 
compressed from bejore backward, while its greatest ens em.) 
the upper border of the hilum. The'sinus is in measure 
(1 upper end of the ureter, the vena/ fefvis, and its subdivisions, the 
-maining space accommodates the blood-vessels, lymphatics, and nerves 
ugh the ih es the eae a of ae and adipos 

th the perire y capsule, us capsule of the: 
lips of the hilum ae is continued into the sinus, to whicl 


to the even external surface of the kidney, the walls of the sinus are 
ical elevations, the renal papilie, which are well seen, however, aly 
of the contents and the fi lining of the sinus. The papilla ma 
the pyramidal masses of kidney-tissue of which the organ is composed, 
tl cones, from 7 to 10 mm. in 
many instances somewhat com- Fic. 1596. 
hat their bases are elliptical in 
\d of circular. Adjacent ones 
sia popliog bale che 
compou! i often 
dart Yorsa: = Unually tons 
papillae are present in each kid- 
r number varies greatly, as few 
s many as eighteen having been 
enle). The walls of the sinus 
vases of the papille are broken 
tions and depressed areas, the 
ig the localities at which the 
and nerves enter and leave the 
ce. The apex of each papilla 
a number of minute openings, 
iizable with the unaided eye, 
the terminal orifices (foramina 
the uriniferous tubules from 
he escapes from the renal tissue 
ptacles formed by the calyces 
id the papilla and are attached Anterior surface of right kidney from which 
The number of uriniferous tu-  {RIDIS ,caPrnaiduet arenelm eerie an mension 
‘at the apex of a single papilla— —*»rough hilum. 
hich the pores open being the 
—varies with the size of the cone, from eighteen to twenty-four being 
nplement for a simple papilla. When the latter is compound and of 
ore than twice as many orifices may be present. 
cture of the Kidney.—The entire organ—a conspicuous example of 
tubular gland—is made up of a number of divisions which in the mature 
so closely blended as to give little evidence of the striking lobulation 
‘etal kidney. The external surface of the latter (Fig, 1597) is broken 
s into a number of irregular polygonal areas, each representing the 
umidal mass of renal tissue, the kidney lobe or rencu/us, which, sep- 
its neighbors by an envelope of connective tissue, includes the entire 
‘he organ between its exterior and the sinus, a renal papilla being the 
1 short time after birth the lobulation is evident, but later the de- 
radually disappear from the surface, which becomes smooth, and the 
‘onnective-tissue septa within the organ disappear, the pyramids alone 
‘ original lobulation. 
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evidences of the latter occasionally persist in the adult human organ, the kidneys 
lower animals (reptiles, birds, ruminants, cetaceans, and certain carnivora) retain 
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Surface Landmarks of Thorax.—The most important of the bony points 
have already been described in connection with the spine, thorax, clavicle, and 
scapula. The relations of the thoracic viscera to the surface have likewise been given 
(page 1855). 

Inspection or palpation of the front of the chest will show (a) the oblique eleva- 
tions of the ribs and the intercostal depressions ; (6) the curved arch of the costal 
cartilages ; (¢) the sternal groove ; (@ ) the angulus Ludovici ; (¢) the infrastemal 
depression ; (f°) the lower border of the great pectoral muscle ; (g) the digitations 
of the serratus magnus from the fifth to the eighth rib; (4) the nipple (pages 168, 
170, 171). 

The infraclavicular fossa, the coracoid process, and the pectoral deltoid groove 
have been described in connection with the muscles and fascize of the shoulder 
(page 579). 


FIG. 1590. 










_ Suprasternal notch 


Clavicle 
~ _Sternum 
_Acromion, 


Tnfraclayicufar fossa 


Coracoid process - 
Groove between acro _<oe 


and pectoralis major P 


’ 


Ensiform cartilag® 


Infrasternal 
depression 


Surface landmarks of the anterior wall of the thorax. 


On the posterior surface of the thorax the most useful landmarks that ma = x» 
seen or felt are (a) the spine, acromion, vertebral edge and inferior angle of o 
seapula (pages 255, 256) ; (6) the spines of the dorsal vertebrae (page 148) ; (¢ pp the 
median spinal or dorso-lumbar furrow, the groove between the erector spinze m 
overlaid by the trapezius above and by the latissimus dorsi below ; (@) the dey he 
sion at the inner end of the scapular spine indicating the tendinous insertion of i 
lower fibres of the trapezius, the level of the third intercostal space, and a portic—*" 
the right bronchus ; (¢) a slight groove passing upward and outward over the erect! 
spine elevation from one of the lowest dorsal spines to this depression and mar BRINE 
the lower edge of the trapezius (Quain). 

The landmarks of the ilio-costal space and lumbo-sacral region are sufficies auly 
described on pages 148, 349. 
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to considerable individual variation, as well as usually differing on the two sides in 
the same subject, The right organ commonly lies somewhat lower than the left, in 
consequence chiefly of the greater permanent volume of the right lobe of the liver. 
Not infrequently the kidneys occupy the same level, and in exceptional cases the 
ordi relations may be reversed, the right lying a trifle higher than the left. 

“Addison ' found that in 30 per cent. of the subjects examined by him the right 
ats lay as high or higher than the left, According to Helm,* in women the kid- 
neys lie, as a rule, about one-half of a lumbar vertebra lower than in men, this differ- 
ence di ing upon the smaller size of the vertebra: and the greater curvature of 
the lumbar spine in the female subject. : 

As a rule, the right kidney extends from the upper border of the last thoracic 
to the middle of the third lumbar vertebra, or somewhat below the lower border of 
the third lumbar transverse process. While always obliquely crossed by the twelfth 
rib, the outer margin of the right kidney usually falls short of the eleventh rib. 


Fic. 1592. 
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Cross-section of formalin-hardened body at level of first lumbar vertebra, 


Since the left kidney usually lies from 1.5-2 cm. higher than the right, its 
upper pole is opposite the lower half of the eleventh thoracic vertebra, its lower level 
being opposite the lower border of the second lumbar vertebra and the third transverse 
process. Its outer margin may reach, or be crossed by, the eleventh rib; the 
costal relations are, however, variable and influenced by the obliquity of the ribs, 
which is greater when the ribs are well developed than when they are rudimentary. 
The kidneys in young children in general lie somewhat lower than in later life. 

Fixation.—Although possessed of mobility to a limited degree,—slight depres- 
sion and elevation probably normally accompanying respiratory moyements,—the 
kidneys have a fairly fixed position, The maintenance of the latter has been 
variously ascribed to the support afforded by the peritoneum, the perirenal con- 
nective tissue and fat, the blood-vessels, and the surrounding organs, all of which 
during life may contribute to this end. Gerota, however,’ has shown that, apart 
from the blood-vessels and, especially in children, the suprarenal bodies, the peri- 
toneum and adjacent organs may be removed without materially lessening the fixation 
of the kidneys, the latter receiving support particularly from their peculiar and inti- 
mate relations with the subperitoneal tissue. This, in the vicinity of the kidney, 

' Journal of Anatomy and Physiology, vol. xxxv., 1901. 


* Anatom, Anzeiger, Bd. xi., 1996. 
* Archiv f. Anat. und Entwick., 1895. 
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or ureter, which also emerges at the hilum. The interspaces between these structures 
are filled with loose areolar tissue, in which lie accumulations of fat continuous with 
the perirenal tunica adiposa, 

Position.—The kidneys lie behind the peritoneum, embedded within the sub- 
peritoneal tissue, so placed against the side of the vertebral column and the posteriv 
abdominal wall that they occupy an oblique plane, their anterior surfaces looking 
forward and outward. The long axes of the organs are not parallel, but oblique to 
the spine, in consequence of which disposition the upper ends of the two organs are 
closer (8.5 cm.) than the lower extremities (11 cm. ), the planes of the inner margins 
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Dissection of abdomen, showing kidneys in position and course and relations of ureters, 


being anterior to those of the external. The greater part of both kidneys lies wien 
the epigastric region, but their outer margins reach within the hypochondnac he 
and their lower ends ordinarily encroach to a limited and variable extent upon 
umbilical and lumbar regions. The intersection of the plane of the transverse in a 
costal line and that of the vertical Poupart line usually passes through the lower p>S?° 
of the kidney, falling, asa rule, somewhat higher in the right than in the left org” 
Approximately the kidneys may be said to lie opposite the last thoracic and ah 
upper two lumbar vertebrae, reaching to within from 2.5-3.5 em. (1-1¥% in.) of che 
highest part of the iliac crest. The exact level of the kidneys, however, is subject 
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fusion which takes place during the development (page 1 of the large intestine 
between the nl pecan eect Gaal coteatias toe a neet a ete ae 
primary mesen ie endi ares Oe ee tte 
invested eee ag a mapecienes exceptional strength. When 
various reasons, the tonicity the tamies ane the kidney becomes impaired 
and these structures become abnormally the organ may acquire undue 


displacement. 
Relations.—The position of the kidneys being wholly retroy neal, the 
Seiedstodhe: civitagss, fous cag) cosine lecdtroct aed coarser 
to ragm, psoas magnus, q' tus lumborum, j i 
aponeurosis of the transversalis, the parietal fascia and perirenal areolar tissue alone 
intervening. The inequalities in the supporting structures produce corresponding 
modelling of the opposed renal surfaces, which is clearly distinguishable on organs 
hardened é sifu. In specimens hardened in formalin, the psoas area appears as a nar- 
row, slightly depressed tract along the inner border ; an adjoining broader band marks 
the area for the quadratus lumborum, beyond which the outer part of the posterior sur- 
face rests upon the transversalis apo- 
neurosis. The crescentic diaphragmatic Fic. 1594- 
crosses the upper pole, the inner 
jimb of the crescent marking the con- 
tact with the crus. In organs hardened 
in the recumbent posture, conspicuous 
and probably exaggerated indentations 
show the former position of the trans- 
verse processes of the second and third 
lumbar vertebra. An oblique, shallow 
furrow crossing the kidney from the 
upper pole outward, usually locates the 
course of the twelfth rib, In connec- 
tion with the posterior relations of the 
kidneys, it is important to recall the 
inferior limits of pleural sacs (page 
1859), which, where they cross the 
twelfth rib, may descend as low as the 
level of the first lumbar transverse pro- 
cess and therefore cover the upper part 
of the kidneys. 

The anterior relations of the Nine bone, 
kidneys differ on the two sides, not = ““t™ 
a Ee ko the Ses: SMO. ost pa 

in the manner of their contact an jati 
the consequent extent of the renal peri- iW acovortiog thews to tate Midoer, -feretedenes 
toneal investment. Primarily the entire 

i surfaces of the kidneys are covered by serous membrane ; later this invest- 
ment becomes only partial, in consequence of the permanent attachment which certain 
organs, as the pancreas, duodenum, and colon, obtain. When these viscera undergo 
the backward displacement incident to acquiring their final location, they are rg oA 
against the abdominal wall and the kidneys, to which they become attached by 
areolar tissue, since the intervening opposed peritoneal surfaces lose their serous 
character. Where the organs touching the kidneys remain covered with peritoneum, 
the renal areas of contact retain the original serous investment. 

The right kidney is in relation with the corresponding suprarenal body, the liver, 
the duodenum, the hepatic flexure of the colon, and, to a limited extent, usually the 
small intestine. The right suprarenal body covers the upper pole and adjacent part 
of the inner border of the kidney, the surface of contact being devoid of peritoneum, 
since the organs are closely connected by areolar tissue. The liver covers the larger 
part of the anterior surface and outer border of the kidney, which models the hepatic 
tissue as the conspicuous renal impression seen on the inferior surface of the organ. 
Both the liver and the kidney are invested by serous membrane, and are, therefore, 
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fusion which takes place during the development (page. 34) eh te armen 
between the iginal parietal peritoneum and that covering the applied surface of the 
ae Eoteeeryoatsthe. sescentig. cin in. comseqpense, tie tek eae 


invested anterior! guetee layer of exceptional strength. When, for 
various reasons, the tissues sup the kidney becomes impaired 
td hen sructre bec abnormal Fiala ts Seep apart 
mobility S| 

Bee the pe sar ey of the kidneys being wholl 
posterior relations of both organs are pee ver muscular, Lge Te atowety 


applied to the diaphragm, psoas magnus, quadratus lumborum, and the posterior 
aponeurosis of the transversalis, the parietal fascia and perirenal areolar tissue alone 
ing. The inequalities in the supporting structures produce corresponding 
of the opposed renal surfaces, which is clearly distinguishable on organs 
hardened in situ. In ns hardened in formalin, the psoas area appears as a nar- 
row, slightly irene Bey along the inner border ; an adjoining broader band marks 
the area for the quadratus lumborum, beyond which the outer part of the posterior sur- 
face rests upon the transversalis apo- 
neurosis. The crescentic diaphragmatic Fic. 1594. 
area crosses the upper pole, the inner 
limb of the crescent marking the con- 
tact with the crus. In organs hardened 
in the recumbent posture, conspicuous 
and probably exaggerated indentetions 
show the former position of the trans- 
verse processes of the second and third 
lumbar vertebra. An oblique, shallow 
furrow crossing the kidney from the 
upper pole outward, usually locates the 
course of the twelfth rib. In connec- 
tion with the posterior relations of the 
kidneys, it is important to recall the 
inferior limits of the pleural sacs (page 
1859), which, where they cross the 
twelfth rib, may descend as low as the 
level of the first lumbar transverse pro- 
cess and therefore cover the upper part 
of the kidneys, 

The anterior relations of the 
kidneys differ on the two sides, not 
only as to the viscera concerned, but 
also in the manner of their contact and 
the consequent extent of the renal peri- supporting Ussue to right k 
toneal investment. Primarily the entire 
visceral surfaces of the kidneys are covered by serous membrane ; later this invest- 
ment becomes only partial, in consequence of the permanent attachment which certain 
organs, as the pancreas, duodenum, and colon, obtain. When these viscera undergo 
the backward displacement incident to acquiring their final location, they are fom 
against the abdominal wall and the kidneys, to which they become attached by 
areolar tissue, since the intervening op’ peritoneal surfaces lose their serous 
character, Where the organs touching the kidneys remain covered with peritoneum, 
the renal areas of contact retain the original serous investment. 

The right kidney is in relation with the corresponding suprarenal body, the liver, 
the duodenum, the hepatic flexure of the colon, and, to a limited extent, usually the 
small intestine. The right suprarenal body covers the upper pole and adjacent part 
of the inner border of the kidney, the surface of contact being devoid of peritoneum, 
since the organs are closely connected by areolar tissue. The liver covers the larger 
part of the anterior surface and outer border of the kidney, which models the hepatic 
tissue as the conspicuous renal impression seen on the inferior surface of the organ. 
Both the liver and the kidney are invested by serous membrane, and are, therefore, 
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separated by an extension of the greater sac of the peritoneum. The second 
rot aire overlies the hilum and epee renal hone the ot ts 
uncertain extent in consequence of the variations in th ‘ee of 
the intestinal tube, h covering usually about the middle two-fourths of the a 
median border, the duodenal area may embrace the entire inner third or more of the 
anterior surface of the kidney, ctentingy from the extreme i esa! to the he tonnes puree? 
or, on the contrary, the duodenum may touch the kidney 
The hepatic flexure occupies a triangular area, dtaroal oe Ahad 
one and also non-peritoneal, which includes the outer and lower third, ne Satin 
of the anterior surface of the kidney. The extent and form pala the surfaces of con- 
tact between the kidney, colon, ao duodenum are very variable ; when large they 
may cover the entire lower half of the kidney, or when less extensive they may 
leave uncovered the lower pole. In the latter case coils of the small intestine often 
ue area, which is covered with peritoneum, 

left kidney is in relation with the corresponding suprarenal body, the 
spleen, the stomach, the pancreas, the splenic flexure of the Ace and the small in- 
testine. The suprarenal body lics upon the median side of the upper pole, attached 


Fis, 1505. 
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Inferior yena cava 
Anterior surface of kidneys of formalin-hardened subject, showing sheer areas, blood-vessels, and renal dticts. 


by areolar tissue ; its area is therefore non-serous. The upper two-thirds of the 
outer border and the adjacent part of the anterior surface of the kidney are covered 
by the spleen, the peritoneum intervening, except within the narrow attachment of 
the layers of the lieno-renal ligament. Below the splenic area the ki is so 
to a variable extent by the splenic flexure of the colon, this non- 
usually including the outer half of the lower pole. The pancreas lies in tome Oar the 
hilum and approximately the middle third of the kidney, frequently reaching as far 
as the outer border. Above this non-peritoneal area, between the latter and the 
suprarenal and splenic surfaces, lies the small triangular serous area which the stomach 
touches, while below the pancreatic zone, internal to that for the splenic flexure, the 
kidney presents a triangular peritoneal area over which the coils of the eee ae 

From the foregoing it is evident that each kidney rests within a depression, the 

**renal fossa,'’ formed by the structures with which it comes into contact above, 

behind, at the sides, and below. The fossee are deeper and narrower in the male 
than in the female, owing chiefly to the greater development of the muscles against 
which the kidneys Ife. 

The Renal Sinus.—The longitudinal, slit-like hilum, occupying somewhat less 
than the middle third of the inner border of the kidney, opens into a more extensive 
but shallow C-shaped space, the renal sinus, which, surrounded by the kidney-tissue, 
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takes in ay imately the median half of the interior of the organ. The greatest 
dimension of the sinus corresponds with the long axis of the kidney, the shortest with 
the distance between the anterior and posterior walls. The space—most extended 
vertieally—is compressed from before backward, while its greatest 2.5-3.5 cm. ) 
is just above the upper border of the hilum, The sinus is occupied in large measure 
by the dilated upper end of the ureter, the vena/ is, and its subdivisions, the 
calyces; the remaining space accommodates the blood-vessels, lymphatics, and nerves 
that pass through the hilum and the intervening cushion of areolar and adi tissue 
continuous with the perirenal fatty capsule. The fibrous capsule of the kidney cover 
the rounded lips of the hilum and is continued into the sinus, to which it es 
a partial lining. * 

In herad to the even external surface of the kidney, the walls of the sinus are 
beset with conical elevations, the renal papille, which are well bars seh only 
after removal of the contents and the fibrous lining of the sinus. The papillae mark 
the apices of the pyramidal masses of kidney-tissue of which the organ is composed. 
The individual cones, from 7 to 10 mm. in 
height, are in many instances somewhat com- Fro. 1596. 
pressed, so that their bases are elliptical in - 
section instead of circular. Adjacent ones 
may undergo more or less complete fusion, 
the resulting compound papilla being often 

a i inform, Usually from 
eight to ten papille are present in each kid- 
ney, but their number varies greatly, as few 
as four and as many as eighteen having been 
observed (Henle). The walls of the sinus 
between the bases of the papillz are broken 
up into elevations and depressed areas, the 
latter marking the localities at which the 
blood-vessels and nerves enter and leave the 
renal substance. The afer of each papilla 
is pierced by a number of minute openings, 
barely recognizable with the unaided eye, 
which mark the terminal orifices (foramina 
papillaria) of the uriniferous tubules from 
which the urine escapes from the renal tissue 
into the receptacles formed by the calyces 
which surround the papilla and are attached Anterior surface of right kidney from which 
to their bases. The number of uriniferous tu- {brows capsule has been partly remove craig 
bules opening at the apex of a single papilla— through hilum. 
the field in which the pores open being the 
area cribrosa—varies with the size of the cone, from eighteen to twenty-four being 
the usual complement for a simple papilla. When the latter is compound and of 
large size, more than twice as many orifices may be present. 

Architecture of the Kidney.—The entire organ—a conspicuous example of 
a compound tubular gland—is made up of a number of divisions which in the mature 
condition are so closely blended as to give little evidence of the striking lobulation 
marking the foetal kidney. The external surface of the latter (Fig. 1597) is broken 
up by furrows into a number of irregular polygonal areas, each representing the 
base of a pyramidal mass of renal tissue, the kidney lobe or vencu/us, which, sep- 
arated from its neighbors by an envelope of connective tissue, includes the entire 
thickness of the organ between its exterior and the sinus, a renal papilla being the 
apex. For a short time after birth the lobulation is evident, but later the de- 
marcations gradually disappear from the surface, which becomes smooth, and the 
interlobular connective-tissue septa within the organ disappear, the pyramids alone 
indicating the original lobulation. 





Although evidences of the latter occasionally persist in the adult human organ, the kidneys 
of many of the lower animals (reptiles, birds, ruminants, cetaceans, and certain carnivora) retain 














from two. to four 
which are | into one 
conical mass culminating in 


the 
eof the Kid- 

oy The a mental 
components the verte- 
brate organ, both 
perrtv napa mature con- 
rent include ae a tuft of 
arterial vessels d more 

or less directly from the 
aorta, (2) tu lined with 
epithelium, and 
(3) a duet for the convey- 
ance of the excretory pro- 
ducts. These constituents 
are represented in the kid- 
= man and the higher 
Laouratecd (1) the glomeru- 

lus, (2) the convoluted uri- 
niferous tubules, and (3) the 
tubes, pelvis, and 

ureter. Since, in a general 
way, to the epithelium lining 
the tubules may be ascribed 
the function of taking from 
thecirculation the more solid 
constituents of the urine, 
and to the glomerulus the 
secretion of its watery parts, 
obviously the most favora- 
ble arrangement to secure 
the removal of the excretory 
pam is one insuring 
jushing of the entire tubule 
with the fluid secreted by 





the glomerulus, Such ar- Diagram showing course of uriniférous tubule. 
rangement implies the loca- 
tion of the vascular tuft at the ve ng of the tubule,—a disposition which 


in fact is found in the kidneys of all higher arte. The number of the glomeruli, 
therefore, corresponds with that of the uriniferous tubules, each of which begins in 
close relation with the vascular tuft. The kidney-substance consists of an intricate 
but definitely arranged complex of uriniferous tubules, supported by the interstitial 
connective-tissue stroma, which have their commencement in the cortex and their 
termination at the apices of the papillie, their intervening course being marked by 
many and conspicuous variations in the character, size, and direction of the tubules. 

The uriniferous tubule begins as a greatly expanded blind extremity, the 
capsule (1), which surrounds the vascular tuft or g/omerulus, the two together con- 
stituting the Malpighian body, which lies within the labyrinth, On leaving the Mal- 


1 Anatom, Anzeiger, Bel. xii., 1896. 
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nt ork eee conyenience the entire canal, from its ¢ r 
in the va A dogg a eh has been 
uriniferous tubule, both geneti- 
cally and functionally two dis- 
lnet parts must be recognized. 


bule, and th duet-tube, which, 
when traced from the papilla 
towards the cortex, undergoes 
repeated division until from a 
single stem the number of con- 
necting tubules is sufficient to 
provide each uriniferous tubule 
weet with its own excretory 
cal 


1, The Malpighian Body.—This 
structure, spherical in form and from 
012-020 mm. in diameter, consists 
of two parts, the g/omerulus and the 
et Watiisen captions Dies 
ion of tortuous capillary HVES~ injected and efferent vessels and 
sels into which break up the lateral 1 gamer, shin Tikcoelar capthanteee 30 son 
terminal twigs given off from the 
arteries as these pass between the cortical lobules towards the free surface of i. The 
lateral branches—very short, often arched, and only .oo2-.oa4 mm. in diameter—spring at vary- 
ing angles from all sides of the interlobular arteriole and enter the Malpighian body as the vas 
afferens. On entering the glomerulus, the afferent vessel divides into from four to six twigs, 
each of which breaks up into capillaries. These may anastomose and form a vascular complex 
that may be filled from any branch; not infrequently, however, such communication does not 
exist, each terminal twig 
Fre. 1602. then giving rise to an iso- 
-"« rs lated capillary territory, 
the entire glomerulus con- 
sisting of vascular lobules, 
each drained by its own 
radicle. Sooner or later 
all the channels of exit 
unite toform the single ves 
stores through which 
blood from the en- 
re glomerulus escapes, 
The efferent vessel as it 
emerges from the Mal- 
pighian body is close to 
the vas afferens, both usu- 
ally lying on the side op- 
posite to that occupied by 
the neck of the capsule 
from which the uriniferous 
E whule is continued, In 
tubules “s consequence of the short 
M = course and manner of ori- 
gin of the twigs from the 
iquely cut neck. >< interlobular arteries, the 
glomeruli are disposed in 








Section of renal cortex, showing details of pales body: ease is 


Surrounded by capsule which passes into obl 


rows, somewhat like berries attached to a straight common stalk. 

The capsule of Bowman, the dilated beginning of the uriniferous tubule, almost com- 
pletely invests the glomerulus with a double layer derived from the wall of the tubule, which 
Seemingly has suffered invagination by the vascular tuft. Such pushing in, however, is only 
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eer nen eran in ha Cencack tt Woe pyseinkt This, the spiral tubule of Schachowa, 
differs from pater lad epee ple gare maplioas rapauridig tgs wat Syd 
thickness of the epithelial lining, the cells of which, although retaining the general character of 
those of the convoluted a ne ees eee ee ir wiped a narrow 
homogeneous inner zone, spiral tubules are distinguishable from the surrounding collecting 
tubules by the lighter sharply defined cuboidal lining cells of the latter. Just before passing into 
the medulla to become the descending limb of Henle's loop, the spiral tubule diminishes in width 
ee res sr 8 eal es conical form. 

4. The Loop of Henle—The descending /imd of this U-like segment is distinguished not 
only by the conspicuous reduction in its arenes ca Pog peli BS se eenpatn 
the entire uriniferous tubule, but also by the altered character of its epithelium, The latter 
consists of low elements, so thin that the oval nuclei cause distinct elevations in the cells which 
project beyond the general level of the epithelium. Since the nuclei usually do not lie exactly 


Fic, 1605. Fic. 1606, 





ronmenne section of medulla, pest parts 
of limbs of Henle's loop. x 400. 


opposite each other, the projections on 
one wall alternate with those of the 
other, in consequence of which dispo- 





sition the lumen appears wavy and Collecting tubule 

irregular, although not much reduced 

below the diameter of that of the pre- tongiticl Ont section of medalla peeUne Uirines 
jlente's loop. 400. 


ceding spiral segment and generous in 
proportion to the entire width of the 
tubule. The flattened cells consist of clear, slightly granular cytoplasm, in which is embedded 
a distinct elliptical nucleus of relatively large size. 

The ascending /imé differs from the descending in its increased diameter (.024-.028 mm. ), 
which depends upon sudden augmented thickness of the walls and not upon the width of the 
lumen, the darker and striated appearance of its epithelium, and its extension from the medulla 
into the cortex. The outlines of the individual lining cells are not sharply defined in well-pre- 
served organs, although the readiness with which these elements undergo post-mortem change 
often results in their artificial separation. The cells are often irregular in height, the lumen, in 
consequence, varying and in places, especially within the cortex, being almost obliterated. The 
nuclei often occupy a clear area, and are separated by striations of unusual length. Although 
the cells exhibit a differentiation into an outer rodded zone, a finely striated inner border, as seen 
in the epithelium of the convoluted tubules, is wanting ; where an inner zone is represented, it 
assumes a variable vesicular rather than a striated character. The length of the loop of Henle 
is influenced by the level of the corresponding Malpighian body within the cortex—the nearer 
the latter lies to the medulla the greater the descent of the loop towards the papilla, and rice 
versa, this relation probably depending upon the intimate association between the termination 
of the ascending limb and the Malpighian body. According to the reconstructions of Huber," 


' Amer. Journ. of Anatomy, vol. iv., Supplement, 1905. 
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_ Section across upper part of renal pyra- 
- gtoups of blood-vessels sur- 
Poesael by SiSliorves tubules. X 50. 


the interstitial tissue is continuous with the investing fibrous capsule, the interlobar septa, or the 
lining of the pelvis, as the case may be. Not only the blood-vessels, but likewise the nerve- | 
trunks and the lymphatics are proyided with sheaths of the renal stroma. | 
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The lymphatics of the kidney occur as a su 


Bees iene wate tions of Stahr! and of »,? the super) 
prise a delicate pubcapeular’ meskawork ircrowhich te rele 


se ; the one passes into the kidney to j in the deer mpha’ 
nce, the other pierces the capsule to unite with the periren il lymphatics 


ite interlobu r net-works, the ‘path of the more definite stems being tha 
loo -vessels. On leaving the hilum, the larger collecting trunks—from : 


— 1 Archiv f, Anat. u. Entwick., 1900, 
* Bull, d. Spe, IAnat; Fév. 1902. 














‘ar much more rarely fo’ 
(6) Anomalies of Position.—Congenital d 
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rare permanent i 


usually affects one kidney, which is 


promontory or the sacro-iliac joint, ny 


may, by its eure, give rise to serious or even 
It would seem proper 





to include here those rare temporary 
to the congenital presence of a mesonephron, which the 


lacking, and as the 
ren bythe pentgncum i ack wie Suen tora 





kidney). 
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Movable Kidney.—The extent of the normal kidney movement—of ascent during, 
expiration or while lying supine, and of descent during inspiration or while standings 
erect—does not, on an average, much exceed an inch in the vertical direction. Therese 
may also be a slight lateral movement. When this limit is distinctly and greatly-— py 
overpassed the condition known as ‘‘ movable kidney’’ results. The normal kidney- «gy 
is usually not palpable below the costal arch. Occasionally the lower end of the=me 
right kidney may be felt there just external to the rectus muscle. In emaciation the==~e 
lower ends of both kidneys may be palpable. 

Three degrees of abnormal mobility have been arbitrarily but usefully agreed——and 
upon for purposes of description: (1) The lower half may be felt by bimanual | - -- 
pation—the fingers of one hand being pressed into the ilio-costal space posteriorly. —, 
and of the other, into the subcostal region anteriorly—during deep inspiration -=. 
(2) The greater part of the kidney or the whole organ may be felt during deep-—agp 
inspiration, but ascends under cover of the ribs and liver during expiration. (3) The=mme 
whole kidney descends and can be retained between or below the examiner's finger====s 
during the respiratory movements (Morris). 

The most important factors in holding the kidney in its normal position in the== 
renal fossa (page 1874) are: (@) the perirenal fascia, which through its attachment t= 
the transversalis fascia and to the perinephric fat, in conjunction with (4) the peri—— 
toneum, where that covering exists, prevents any undue mobility; (c) the renal vessels... 
which must correspond in length to the radius of the circle of movement of the kidney— 
and, to an extent, resist elongation ; (d@) intra-abdominal pressure, which, throug! 
the upward thrust of the more mobile viscera, adds to the support that (¢) they and_ 
their attachments give to the viscera in the upper zone of the abdomen ; (/) the=— 
shape of the renal fossze, which, like the kidneys themselves, are somewhat narrower— 
at their lower extremities. 

Undue mobility of the kidney is thus favored by (a) congenital absence of the— 
peritoneal support (floating kidney,—z7de supra) ; (6) diminution of the tension = 
the peritoneum and perirenal fascia from absorption of perinephric fat ; (c) repeated. 
jars and jolts, as from jumping or falling, or from coughing or straining, that ten 
to elongate the renal vessels as well as to stretch the peritoneum and its attachmens = 
and thus increase both the retroperitoneal space in which the kidney moves and the—= 
radius of the arc of its movement ; (@) pregnancy, the removal of intra-abdominal | 
tumors or of accumulations of fluid, or other conditions that produce laxity 
weakness of the abdominal walls ; (¢) ptosis of other viscera, acting either by their—m -ar 
push from above (liver, spleen) or their drag from below (colon) ; or (f/) general al 
muscular weakness, acting not only by reason of the associated lack of tonicity of <—=f 
the abdominal wall, but also through the modification in shape of the renal fosse. ==», 
the depth of which depends, ceter7s partbus, on the development of the ldin muscles <=, 
and especially of the psoas and quadratus lumborum. 

A careful study of the body-form in its relation to movable kidney seemed t = 
show (Harris) that a relative diminution in the capacity of the middle zone or are==, 
of the body-cavity (containing the liver, stomach, spleen, pancreas, and larger pom y. 
tion of each kidney), either original or acquired (as from tight lacing), acts by forcitmg 
the liver and spleen downward upon the kidneys, and at the same time depriving 
them of the support afforded by the narrowest or most constricted portion of the 

arietes of this zone, which narrow portion is then above the centre of the kidney 
instead of below it, as it should be normally. 

Consideration of the above-mentioned anatomical factors makes clear the greater 
frequency (80 per cent.) of movable kidney in women than in men. It shoulei be 
added that in women the renal fossa are normally shallower and less narrowed 2 & the 
lower ends than in men, the depth and the narrowing depending, as has been sad, 
upon muscular development. It will be understood, too, why among the woomen 
who suffer from this condition is found a so considerable proportion who are thir 
round-shouldered, with long, curved spines and flattening and adduction of the «er 
ribs, or who have had several children, or one difficult labor, or an exhausting il 9 
attended by emaciation, or have been addicted to tight lacing. In both sexes= © 
history of a violent fall or of a chronic cough is not infrequent. 

Movable kidney is thirteen times more frequent on the right side than or® the 





ida ue to Fae Lever cin disemaee tan 
tion of least resistance, which is forward, and 
vessels where pinay naps ny a gon 





t ie because ilio-costal space positions of 
thigh somewhat rah dar (4) the thickness of the loin muscles and of the fat makes 
-note dull even when the kidney is displaced ; and (¢) in its normal 
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dissection with the finger, and either stitched in place, decapsulated, or opened, im 
accordance with the indications. 

It may be noted that bleeding from the separation of the capsule is comparatively—— 
trifling: and that if the kidney itself is to be incised, the fact that its blood-supply i=s=5 
naturally divisible into two independent segments—anterior and posterior—whichae—n\ 
ate completely separated by the renal pelvis, and the vessels of which are given offi ai 
from the main trunk of the renal artery (Hyrtl), indicates, us the line of safety, thes» 
convex posterior or outer border. When the pelvis of the kidney is distended witha b 
fluid, a white line on that border (Brédel’s line) is said to indicate the relatively avas— <5- 
cular area. The anterior vascular division is said to carry three-fourths of the arterial .=al 
blood-supply and the posterior division the remaining fourth (Brédel), so that in the==> ae 
majority of cases the posterior surface of the kidney would furnish the lesser quantity~<@= -y 
of blood. j 

For removal of the kidney (nephrectomy) the oblique incision may be prolongedi&—==-d 
forward, the peritoneum being detached and pushed in that direction ; or a verticallE a=al 
incision running downward from it may be added ; gr, if the nephrectomy is to be=s-—we 
done for the removal of an exceptionally large tumor, the anterior or transperitoneal&_ «== 
route may be adopted and the incision made in either the linea semilunaris or the=> #¢€ 
linea alba, the outer layer of the mesocolon being opened to gain access to the retro-— <2 
peritoneal space. The nerves and vessels, as they enter the hilum of the kidney, the=> #¢ 
vein lying in front, constitute the ‘* pedicle.’’ The ureter lies more posteriorly and E> 
on a slightly lower plane. The irregularities in the division, distribution, and points == 3 
of entrance of the renal artery should be remembered, as should also—on the right = = 
side—the proximity of the vena cava during the separation of close adhesions. 

In all the lumbar operations upon the kidney the colon may present in the ==> #¢ 
wound after the transversalis fascia has been opened, and should be looked for and E>‘ 
displaced antero-externally to avoid danger of wounding it. 


THE RENAL DUCTS. 


The duct of the kidney—the canal which receives the urine as it escapes from «ary 
the kidney and conveys it to the bladder—consists of a short dilated and sub- — <5 
divided upper segment, the renal pelvis, and a long, narrow, tubular lower segment, — > 

ite ureter Sint not only» g,! 
these but also the ilar 
ducts of the kidney @ ae —_, 
veloped from a common ou™ 
growth from the Wol 
duct, the renal duct stan; 
in most intimate relaticam ns 
with the renal substance. 

The pelvis of The 
kidney (pelvis renalis) . _- 
though beginning and I-y~ = 
chiefly within the sinus, <©* 
tends beyond the lasc &¢ 
passing downward to be 
come continuous with Paap 
ureter. Its widest part, ¥ weet’ 
within the hilum, present i. 
unbroken convex poste#— 
mesial surface, its oppos!* 
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Superior 
division 


Depression — Pelvis 
on calyx re 
ceiving re 
nal papilla 


Calyces-—* 


Inferior division 


Vreter: 





: : e 
side, directed towards t 
: . F renal substance, being inter 
Casts obtained by corrosion, showing two forms of renal pelvis: ‘J ae 
A tsual type, #2, variation, rupted by the subdivisiom™® 


of the pelvis. These include ~ 
the divisions of the pelvis into an upper and a lower segment (calyces majores), 
extending towards the respective poles of the kidney. Each of these segments 
receives a group of from four to six smaller conical passages, the calyces or infun- 











jculus is located high up. 
areter to ait aes 7 
in close relation to the antero ater 


faginal Palpation.—The part of the ureter wh 
the vaginal wall is about three inches or a little 
about a quarter of the whole of the duct. It is that 
1 orifice of the ureter outward, and 
t and towards the lateral wall of the true pelvis. 
in the su third of the anterior and lateral wall of the va 


‘examination must be made, and it is at the. part betwee the level of the i 
orifice of the urethra and the anterior fornix, where the tissues are very lax; that the 
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includes the uncertain part of the bladder between the apex and the fundus. 
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The 


term eck is sometimes applied to the region immediately surrounding the urethral 


orifice, although a distinct neck in the usual sense does not exist. 


Fic. 1617. 


_ Apex, from which passes the 
urachus 





Vas 
deferens 


Ureter 


~—~Ampulla 


~ Seminal vesicle 


Urinary bladder, slightly distended and hardened tm srt, 
from formalin subject; viewed from above. 


The intersectiorss 

of the lateral and posterior bo - 
ders mark approximately tifae 
points at which the ureters ent <aet 
the vesical wall. As pointed o amt 
by Dixon,’ the attachments  ~ol 
the ureters correspond to the |ammmt- 
eral angles of the trigonal figu —=re 
that the empty bladder resembl—=emes 
when viewed from above, th=—e 
apex being the anterior angle. 


The cavity of the strongly co——* 
tracted bladder, as seen in sagittal 
sections of organs hardened im si#™=s, 
is little more than a cleft bounde——d 
above and below by the thick ves==S? 
cal walls and below continuous wi 
the urethra; in the vicinity of th— 7 
ureteral orifices, however, the lume==" 
broadens into the lateral recessemmmmrs 
which are never entirely effa 
(Luschka). The modifications of t-—e 


lumen sometimes seen, more frequently in women and especially in organs not hardened in si/mamamm, 
in which the superior surface is more or less sunken and in consequence the vesical cavity s 


crescentic or V-shaped in mesi: 





section, are to be regarded as the result of post-mortem change 


and not as representing conditions existing during life, since normal contractions of the musul====—=" 


vesical sac are little calculated to produce such forms, 


The empty bladder measures in len; 


from 5-6 cm. (2-2% in.), in breadth from 4-5 cm. (14-2 in.), and in thickness from 2-2.5 cr—=l- 


(3{-1 in.) (Waldeyer). 


In the distended bladdcr the demarcation between the surfaces above described is graduall samy 
effaced until, in extreme expansion, the organ assumes a general ovoid form in which the supe 
rior and inferior surfaces and the fundus are uninterruptedly continuous and all indication 
the borders is completely obliterated. Such extreme changes, however, accompany only exces===—> 
sive and unusual distention, the alterations taking place under normal conditions, with a pro! 


able maximum capacity of from 250-300 
cc. (7-9 fl. 02.), being much less radical. 
When the bladder begins to fill, the region 
first to be affected is the posterior and lower 
lateral portions of the organ, expansion oc- 
curring more rapidly in the transverse than 
in the longitudinal axis (Detbet), which for 
a time retains a generally horizontal direc- 
tion, With increasing distention the blad- 
der invades the paravesical fossze at its side: 
hehind is pressed against the seminal vesi- 
cles, which in the empty condition of the 
bladder extend laterally as transverse wings 
and touch the vesical wall only with their 
inner ends, and encroaches upon the recto- 


Left treter 


Right 


ureter 





Seminal 
vesicle 











vesical pouch and the rectum. The con- ' Pro 
dition of the latter also influences the direc. ERQe Ue 
tion of the vesical expansion, since the filled — face 


rectum decreases the available space behind 
and forces the bladder upward and forward, 
Not until the distention has progressed toa 
considerable degree does the antero-inferior 
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——Vasa deferentia 
Superior surface 


Apea= 


\ 
Cut edge of 
peritoneum 
Latero-inferior 

suriace 


Prostate gland, lateral surface 


Preceding preparation viewed from side, showing relations 
of inder, associated ducts. and prostate. 


segment lengthen and undergo upward displacement and the apex rise much above the pubic 
symphysis ; and only after the distention greatly exceeds physiological limits and becomes very 
excessive does the bladder altogether lose its pyriform contour and become symmetrically ovoid. 
The highest point of the greatly enlarged organ no longer corresponds with the attachment of 


1 Anatom. Anzeiger, Bd. xv., 1899. 
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the urachus, but lies farther above and behind, since the antero-inferior wall always remains 
shorter than the postero-superior. The condition of the rectum and the pressure exerted by 
the abdominal viscera influence in no slight degree the form and position of the distended 
bladder, since, when these factors are both unfavorable to unhampered expansion, the inferior 
surface and fundus are depressed to a greater degree than when the bowel is empty and the 
superior surface is little impressed by the overlying organs, the entire bladder assuming a more 
vertical position and the ovoid form being modified (Merkel). Under pathological conditions 
the bladder may suffer such enormous expansion that it reaches as high as or even above the 
umbilicus and occupies a large part of the abdominal cavity. Owing to its intimate attachment, 
the part of the inferior surface united to the prostate and the pelvic floor undergoes least change 
both as to form and relations. 


Fic. 1619. 





Dissection of sagittally cut pelvis, showing relations of organs after fixation by formalin injection, 


The capacity of the bladder during life so obviously depends upon individual 
peculiarities and habit that it is impossible to more than indicate approximately the 
quantity of fluid that ordinarily induces a desire for the evacuation of the vesical 
contents. This quantity—the physiological capacity of the bladder—may perhaps be 
said to vary from 175-250 cc, (6-9 fl. oz.), 700 cc. (24 fl. oz.) representing the 
maximum for the normal organ (Disse). Under pathological conditions, as in 
paralysis of the vesical wall, the bladder may contain from 3-4 litres without rupture. 
As a means of determining its capacity during life, estimates based upon artificial 
distention of the bladder after death are worthless, since the maximum resistance 
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rom the latter by the retropubic pad of fat from .5-1 cm. thick. The fundus—the 
qposterior part of the inferior surface included between the urethral opening and the 
posterior border—is in contact with the median ends of the seminal yesicles and of 
the ampulla of the seminal ducts, by which structures and their musculo-adipose 
‘bed the bladder is separated from the anterior wall of the recto-vesical fossa. 

The internal orifice of the urethra lies immediately above the prostate, usually 
4rom 1.2-2.5 cm.( 14-1 in.) above the plane passing through the lower border of the 
symphysis and the lower end of the sacrum ; the distance from the upper border of 
the symphysis to the orifice measures from 5-6 cm. (2-2% in.) ; in the horizontal 

it lies from 2.5-3 cm. behind the symphysis, its nearest point on the latter 
being about 2 cm, (Disse), These measurements are influenced by changes in the 
position of the inferior surface, being shortest when the empty bladder is pushed 
upward. 
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uterine pouch 


Vagina 







orifice in vestibule 


Perineal body 


Sagittal section of female pelvis of formalin subject. 


Laterally the farazesical fosse intervene between the empty bladder and the 
sides of the pelvis. In the contracted condition the superior surface usually lies 
below the plane of the pelvic inlet, the entire bladder being within the anterior third 
of the pelvis and close to the pelvic floor. This upper surface, covered with peri- 
toneum, is in contact with coils of small intestine which, when the rectum is empty, 
may occupy a part of the recto-vesical fossa. 


Tn the distended bladder the relations of the inferior surface suffer little change on account 
of the intimate attachments of the vesical wall to the prostate and to the fixation to the pubis 
afforded by the pubo-prostatic (pubo-vesical) ligaments and enclosed muscle, The postero- 
inferior suriace, expanding backward and outward, comes into more extensive and closer rela< 
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tions with the seminal vesicles and ducts. The condition of the rectum markedly influences the= 
degree to which the distending bladder rises above the symphysis, since, when the bowel is empty — 

and hence more intrapelvic space is available, the bladder gains a lower suprapubic level tharaman 
when its ascent is favored by a distended rectum. With the elevation of the vesical apex above===ae 
the level of the symphysis, the bladder acquires a temporary relation with the anterior abdominal sal 
wall in front, and its sides, in case of marked distention, may come nearly or actually into con— ian 
tact with the vasa deferentia, the obliterated hypogastric arteries, and the obturator vessels andiE_» 4d 
nerves, as these structures lie along the pelvic wall embedded within the fat-laden subperitoneall «==a\ 
tissue. 

The bladder in the female lies lower within the pelvis than in the male, chiefly in conse— —swe 
quence of the absence of the prostate, and when empty never quite reaches the level of the uppemr —seeer 
border of the symphysis. When distended, therefore, it less often rises into the abdomen. am =n, 
since the capacity of the normal organ in the female is somewhat less than in the male. Thu» «dhe 
fundus, or postero-inferior surface, is firmly united by connective tissue with the anterior vagina «== anal 
wall and sometimes the lower part of the uterus. Where reflected from the anterior surface o_» of 
the uterus onto the bladder, the peritoneum lines the shallow utero-vesical fossa and then con &  en- 
tinues over the superior vesical surface. Upon the latter rests the body of the uterus, rising v «_. = or 
falling with the expansion or contraction of the bladder-wall, but normally remaining in contact —=t, 

—a relation predisposing to the productiom «c _on 
Fic. 1623. of the concave or sunken condition of the sum _ar u- 
Rectum perior surface not infrequently seen in frozes === 
sections of the female pelvis. 

The infantile bladder differs both in fornms—aarm 
and position from the adult organ. Since ——xe 
5 the greater part of the bladder represents = a 
Uiachus persistent and dilated portion of the intrass-=>= a- 

embryonic segment of the allantois, its fartas= = al 
— —Bindder form is essentially tubular. In the new-borss—am 
child (Fig. 1623), in both sexes alike, thee =7e 
bladder is spindle-shaped and extends fromm 
about midway between the umbilicus anc» 





4 Symphysis pubis 


Urethra the symphysis to the level of the pelvic brimas— =n. 
its anterior surface being in contact with the a7 
Vagina abdominal wall. Only the lower pole of the «—* 


infantile bladder, corresponding to the ure===> 
thral orifice, lies slightly below the uppe =<? 
border of the symphysis, the body lIyingg © 7% 
entirely within the abdomen, lateral anc» 
posterior surfaces being undifferentiat 7 
Leaving the anterior abdominal wall, thea ihe 
. 5 ae . ; peritoneum completely invests the terioe 2>0f 
Sait son (ete eR ate arti Tans surface of the bladder, as well as the semis = 
and suprapubic position of bladder. nal vesicles and the ampullz of the seminas= 
ducts, before passing onto the rectum. The «ihe 
bottom of the recto-vesical fossa lies often below the level of the urethral orifice, which does nos #0 
come into relation with the pelvic floor. In the new-born female child the uterus is situated relass= S12" 
tively high and comes into contact with the bladder, while the vagina does not, only touchinge = 
the urethra. The reflection of the peritoneum to form the utero-vesical fossa varies in position ©" 
and when high, as it often is, may leave a part of the young bladder unprovided with a serous #3 %& 
covering. Coincident with the descent of the bladder, associated with the growth and expansions 
of the pelvis, its posterior wall increases more rapidly than the anterior, this inequality resultingss © ™% 
in the production of a fundus that gradually approaches the pelvic floor. According to Disse, =< =: 
the descent of the young bladder is rapid during the first three years, slower from the fourtk-& ath 
to the ninth year, between which and puberty little change occurs. Succeeding this perind one 
rest the bladder renews its descent, and by the twenty-first year has gained its definite positions = 2? 
on the pelvic floor. Before the third year the empty bladder always remains above the symphy-— ioe! 
sis; by the ninth year it has sunken below that level, but when distended the apex rises within 
the abdomen. During descent the non-peritoneal area on the posterior surface progressively 
increases, the serous investment in general extending farther downward in the male than in the 
female child. Persistence of infantile relations often accounts for variations observed in the adult. 


— 


Structure,—The bladder consists essentially of a muscular sac lined with mucous 
membrane and covered on its upper surface with peritoneum, a layer of connective tis- 
sue loosely uniting the mucous and muscular coats. From within outward, four coats 


1 Anatomische Hefte, Bd. i., 1892. 
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are distinguishable,—the mucous, the submucous, the muscular, and the incomplete 
serous. 

The mucous coat varies in thickness with both location and the degree of con- 
traction. Over the vesical trigone, where always comparatively smooth, it is thin, 
measuring only about .1 mm.; where strongly wrinkled by contraction, it may attain 
a thickness of over 2 mm. The mucosa resembles closely that of the renal duct, 
consisting of a fibro-elastic tunica propria covered with transitional epithelium, The 
latter includes several strata of cells, the deepest of which are columnar, the middle 
irregularly polygonal or club-shaped, and the inner plate-like, their deeper surface 
fitting over and between the underlying elements. Although glands may be con- 
sidered as absent, tubular depressions are occasionally found in the vicinity of the 
trigone which are regarded by some (Kalischer, Brunn) as true glands. Waldeyer 
has suggested that these structures may be interpreted as representing in a sense 
urethral glands displaced during the development of the vesical trigone. 

The submucous coat, \oose and elastic, permits free gliding of the mucous over 
the muscular tunic when readjustment becomes necessary during contraction. Com- 
posed of bundles of fibrous tissue interwoven with elastic fibres, it supports the 
blood-vessels and nerve-plexuses, and contains numerous bundles of involuntary 
muscle. It is not 
sharply defined Fic. 1624. 
from the adjoin- a A 
ing coats, but 
blends with the 
stroma of the mu- 
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The muscu- 
far coat, thicker 
than the mucosa 
and compara: Section of wall of bladder, under very low magnification, 
tively robust, Va- showing general disposition of coats. xX 12. 
ries according to 
the condition of the bladder, being thin during distention and very thick in strong 
contraction, when it may measure as much as 1.5 cm. The bundles of involuntary 
muscle are arranged i in two fairly distinct chief layers,—a thin outer longitudinal and 
a thick inner circular. Inside the latter, and virtually within the submucosa, lies an 
incomplete additional layer. The longitudinal bundles, best developed on the upper 
and lower surfaces, do not constitute a continuous sheet, but interlace, leaving inter- 
fascicular intervals which are occupied by connective tissue. In the vicinity of the 
prostate extensions of the outer layer are attached to the anterior pelvic wall as the 
pubo-vesical muscles ; others pass backward to blend with the intestinal wall as the 
recto-vesical muscles, while from the apex bundles are prolonged into the urachus. 
The circular layer, although more robust and uniform than the outer, is weak and 
imperfect over the trigonal region, and in both sexes is well developed only after 
attaining the level of the internal ureteral orifices (Disse). Towards the apex of the 
bladder the bundles of the circular layer assume an oblique and less regular dispo- 
sition. The innermost layer—that within the submucosa—is represented by isolated 
and indefinite muscular bundles that are blended with the connective tissue. Over 
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tinence. In other less fortunate cases in which the ureteral openings were on the 
surface of the body, implantation of the ureters into the intestinal tract (page 1901) _ 
has been done with varying degrees of success. «haw 
Extroversion (exswophy) of the bladder, the most espera yer re 
normality of this organ, is associated with failure of the ventral ; formin; 
abdominal wall to unite in the mid-line. In this condition, which occurs in males ir 
from So to 90 per cent. of cases, the symphysis pubis and the anterior wall of the 
bladder frequently are also lacking, and the posterior vesical ded by 
intra-abdominal pressure—forms a rounded prominence, red in color, from 
chronic congestion. ‘The ureteral orifices are often plainly visi storchism, 
bifid scrotum, inguinal hernia, and epispadias are frequently present, ] the 
opinions regarding the causes and factors leading to these malformations are various 
and conflicting, it is certain that these defects depend upon faulty development at a 
Uiceits polct the 1 mi wt pox ms Sper er nerds teiene ye 
i oacal region i¢ embryo, at the N ina- 
tions on a mechanical basis, as over-distention of the allantois or unusual shortness or 
location of the umbilical cord, are entirely inadequate to account for malformations 
which often so profoundly affect the entire lower segment of the anterior body-wall 
and the associated organs. 
Occasionally a vesico-abdominal fissure occurs without extroversion, when the 
wall of the bladder will be concave instead of convex and partially covered 
by the imperfect abdominal wall. 
The posterior wall of the bladder and the anterior wall of the rectum or vagina 
may be defective at birth, resulting in a congenital vesico-rectal or vesico-vaginal 
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’ The feetal communication between the extra- and intra-abdominal portions of 
the allantoic sac may remain pervious, so that the urachus, instead of becoming a 
fibrous cord extending from the umbilicus to the summit of the bladder, is patent 
and constitutes a channel by means of which urine is et a at the navel. 

Cystocele.—A portion of the bladder may be found ei alone or together 
with intestine or omentum in the sac of an inguinal or femoral hernia, or more 
rarely it may be part of an obturator or perineal or ventral hernia. 

‘he ordin: causes of abdominal hernia (page 1759) favor the production of 
this condition. aA their presence, and especially if there is also present an intestinal 
hernia of long standing, a thinned and dilated bladder may readily be drawn by 
gravity into one of the hernial orifices by the connection of its extraperitoneal 
portion with the subperitonea! fat with which it is in close contact. The bladder 
**diverticulum,’’ thus formed, is a result, not a cause of the hernia, and in 75 per 
cent. of cases includes only the extraperitoneal bladder-wall, As vesical dilatation 
and atony are usually the result of obstructive disease,—most common in elderly 
males,—and as abdominal hernia is frequent during late middle life (page 1762), it 
will be understood why 75 per cent. of cases of hernia of the bladder occur in men 
(irrespective of cases of vaginal cystocele) and more than 50 per cent. in persons 
over fifty years of age. In old hernize there has, of course, been an ity 
for the stretching and elongation of the bladder-wall essential for the production of 
the cystocele. 

The laxity of the attachments of the bladder to surrounding structures necessi- 
tated by its changes in size or capacity favors the production of hernia. 

Effects of Distention.—The cavity of the normal empty bladder, which is strongly 
contracted during life, presents little more than a narrow, cleft-like lumen, with a 
gentle upward curve, continuous with that of the urethra. As it distends the 
pyriform bladder becomes oval in shape, its summit rises from the pelvis above the 
eee ubis, its anterior wall becomes applied to the inner surface of the ab- 

lominal wall in the hypogastric region, and the whole organ assumes an ovoid shape 
or, in extreme distention, one nearly spherical. Its normal capacity in the adult is 
about one pint, but the looseness of the submucosa over the greater part of its sur- 
face, the reticular arrangement of its muscle-fibres, and the yielding nature of the 
structures by which it is surrounded when it has risen from the pelyis permit of 
its enormous distention, especially as a result of slowly increasing obstructive dis- 
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ease. Its summit may then pass above the level of the umbilicus and it may fun 
almost the whole abdomen. 

Retention of urine—inability to empty the bladder—may be due (@) to obstrue «nt 
tion at the neck of the bladder, the prostate, or the urethra, as from clots in bleedine—ar 
from the kidneys, ureters, or the bladder itself, prostatic hypertrophy, stricture,c» ot 
rupture of the urethra; (6) to affections of the bladder muscles, as paresis > or 
paralysis of the detrusors in cerebral or spinal injury or disease, or reflex spasm of th-# -wthe 
sphincter after operations on the anus or rectum ; or incoérdination, as in hysteria =—ana, 
or neurasthenia, or shock. 

The distended bladder forms a rounded fluctuating tumor in the hypogastrx—m srtric 
region, which, as the intestines are pushed up with the fold of peritoneum back@ =o 
the urachus (plica vesico-umbilicalis), is always dull on percussion. If the disterm= ==» -en- 
tion is acute, the pressure on the sensory nerves of the bladder gives rise to die = Equlis 
tressing pain. If it takes place slowly, or if it follows cerebral or spinal injury,: <> il 
may be quite painless. 

After a time, in cases of great distention, the sphincter vesice and compressa=>==<or 
urethrz yield to the pressure and the urine overflows the bladder more or less con «—0n- 
tinuously, —incontinence of retention,—a condition which should always be suspectee => =ated 
to exist in aged male patients who have either very frequent urination or constant urm—= s0IN- 
nary dribbling. Great paresis or actual paralysis of the detrusors may result from «<—om 
distention, so that the power to empty the bladder is temporarily or permanently los==«—sost 
even after all obstruction has been removed. ; 

During marked distention certain changes take place in its relations that are» __ of 
much practical importance. The neck of the bladder is so firmly fixed in position br <= by 
the base of the prostate, with its dense capsule continuous with the deep layer of th a -he 
triangular ligament (page 1977), by the anterior true ligaments of the bladder itselit Z-=I, 
and by its close attachment to the rectum or to the uterus and vagina, that it does noc>» mot 
participate in the upward movement of the summit and body, but if the rectum im Is 
not distended, rather sinks slightly in the pelvis. The looseness of the fatty conx—m <n- 
nective tissue occupying the space of Retzius (page 1906) and separating the antera—>»—0- 
lateral walls of the bladder below the peritoneal reflection from the pubes and th ac ihe 
obturator internus and levator ani muscles permits the elevation, during distention, > 
all the remainder of the bladder. 

The anterior peritoneal fold, which, with the bladder undistended, reaches to th athe 
symphysis pubis, 1s so raised that if the summit of the bladder is half-way betweex-==2 
the pubes and the umbilicus, there will be from 5-6.5 cm. (2-2% in.) of the non=—am- 
peritoneal portion of the anterior bladder-wall in close apposition with a similar are===="4 
of the inner surface of the abdominal wall. In a male child five years of age th. ame 
space between the upper edge of the symphysis pubis and the reflection of the pers! 
toneum will be one inch when the bladder, contains three ounces of liquid. The cos—===* 
attachment of the peritoneum to the summit of the bladder and its very loose attac 
ment to the parictes (necessitated by the changes in size and position of the bladder. —=) 
permit this upward displacement. 

Coincident distention of the rectum by a rubber bag limits the backward ano» and 
downward extension of the distended bladder, adds slightly to its elevation in the ate 
abdomen, keeps it in close contact with the abdominal parietes, and increases the 
distance between the recto-vesical fold and the anus from two and a half inches t» @ ‘° 
three and a half inches. The use of the rectal bag has practical disadvantages which ah 
have led to its abandonment in most cases. The Trendelenburg position elevate==> -& 
the partly distended bladder and carries upward the peritoneal folds by gravity. ~#2% 
Various operations (cide infra) are so planned as to take advantage of this uncover——™ =" 
ing of the bladder-wall, which permits access to that viscus and to its cavity withous = 7 ut 
danger of peritoneal infection. 

Prevesical inflammation may follow infection through an operation or other" 
wound, involving the prevesical space of Retzius, or may be caused by extravasa-— 7" 
tion of urine into that space ; and as the connective tissue occupying it is continuous 
superiorly with the abdominal and inferiorly with the pelvic extraperitoneal tissue.a = 
cellulitis beginning there may be widespread, or may result fatally. Some of the 
relations of this space are indicated in the fact that such infection has been known to 
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and the latter are strongly abducted,—the lithotomy It corresponds to 
the outlet of the pelvis. On the surface it is bounded roughly by the scrotum 
anteriorly, the buttocks posteriorly, and the upper limits of the inner aspects of the 
thighs laterally. More deeply the boundaries are the symphysis pubis and subpubic 
ligament bekecarty, the coccyx posteriorly, and the greater sacro-sciatic ligaments, the 
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and the ligament to the pubo-ischiatic rami, and behind by the union of the fascia 
with the base of the ligament. 

This space or pouch contains the bulb and the crura of the penis and the 
muscles covering them, the superficial transverse perineal muscles, the superficial 
perineal nerves and vessels, and the long pudendal nerves ; in its anterior part the 
internal pudic artery divides into its terminal branches, the dorsal artery of the penis 
and the artery to the corpus cavernosum. It is very important in its relations to 
wounds and ruptures of the urethra (¢.7. ). 

In the uro-genital triangle, half-way between the centre of the anus and the 
perineo-scrotal junction, is the so-called ‘‘ perineal centre,"’ where the bulbo-caver- 
nosus, the sphincter ani, and the superficial transverse perineal muscles meet, and 
which corresponds to the middle of the posterior edge of the fibrous shelf formed 
by the union of the two layers of the triangular ligament. These structures are 
exposed when Colles's fascia is turned back, and on cither side a triangular space is 
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Dissection of perineum ; Colles’s fascia has been cut and reflected to expose crura and bulb of 
penis covered by muscles; on right side ischio-rectal tossa is partly cleaned out. 


seen, the floor of which is constituted by the inferior layer of the triangular ligament. 
At the lateral, median, and posterior sides of the triangle lie the bulbo-cavernosus, 
ischio-cavernosus, and superficial transverse perineal muscles respectively (Fig. 1627). 

When the inferior layer of the triangular ligament is divided, the space (deep 
perineal interspace) between that and the superior layer (as this portion of the parie- 
tal layer of the pelvic fascia is called) is opened and is found to be broader in- 
feriorly and behind, the two layers fusing anteriorly with a dense band (ligamentum 
transversum pelvis) stretching from one pubic bone to the other, and leaving only 
sufficient space above it, beneath the subpubic ligament, to permit the passage of 
the dorsal vein of the penis. The space between the two layers (Fig. 1629) is 
occupied by (a) the compressor urethrz muscle; (4) the membranous urethra, 
about half an inch in length; (¢) Cowper's glands (glandule bulbo-urcthrales); 
(d@) the beginning of the artery of the bulb; (¢) the continuation of the internal 
pudic artery, which, while between the two layers of the triangular ligament and 


1918 HUMAN ANATOMY. 


before piercing the superficial layer, gives off the artery to the bulb. This latter 
artery may come off from the accessory pudic when that vessel is present (page 818), 
and will then be more anterior, and less exposed to division in lithotomy, than 
usual ; or it may come off from the internal pudic before the latter has penetrated 
the superficial layer of the triangular ligament, and will then be behind its usual 
position and more likely to be wounded. When the superior or deep layer of the 
* triangular ligament is opened, the prostate—partly covered by the median fibres of 
the levator ani—and the neck of the bladder are exposed (Fig. 1631). this deep layer 
being continuous with the prostatic sheath. 

It will be seen that in reaching this point by dissection there will have been 
exposed certain alternating layers of fascial and muscular structures (Cunning- 
ham) as follows: (@) superficial fascia (superficial and deep layers) ; (6) super- 
ficial perineal muscles ; (¢) inferior or superficial layer of the triangular ligament 
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(fascia trigoni urogenitalis inferior) ; (a) compressor urethra muscle ; (¢) superior 
or deep layer of the triangular ligament (fascia trigoni urogenitalis superior (_/) 
levator ani muscle ; (g) prostatic fascia (sheath). 

Landmarks.—With the patient in the lithotomy position: (1) The pubis, 
coccyx, tuberosities, ischio-pubic rami, and greater sacro-sciatic ligaments may be 
felt. (2) The transverse diameter, between the tuberosities, is 9 cm. (3%2 in.) ; 
the antero-posterior diameter, from the coccyx to the pubis, is also 9g cm. (312 in.) 
on the skeleton, 10 cm. (4 in.) as measured on the living person. (3) The centre 
of the anus is about 4 cm. (11, in.) from the tip of the coccyx, and is ona line drawn 


between the tips of the ischial tuberosities. (4) The perineal centre is approxi- 
mately gem. (17%; in.) in front of the anus. (5) The bulb (and its artery) are just 
anterior to this ; its position may be indicated by a slight median surface elevation ; 


the artery passes inward between the layers of the triangular ligament about a half 





ia which, “trian ae ign ae spongy ment Have: bese par. 
perineal surface. (11) The prostate is about three-quarters of an inch below the 


symphysis. (12) The pudic artery, asit lies in Alcock’s canal, is about one and a 
half inches AS Moh ca pred of the ischial tuberosity. 2 aise 


___ These measurements are, of course, approximate, and ith the 
: , may much increase the normal antero-posterior convexity of the p 








and its outlet and the amount of subcutaneous fat, which, in. the | 


_ Lateral Lithotomy.—It will now be understood that in opening the 

rou side of the perineum the incision must not extend too far forward, as it 
might inyolve the artery of the bulb, which lies a little anterior to the * perineal 
centre’’ (Fig. 1629) ; or too much externally, as the pudic might be wounded where 
it lies on ramus of the ischium ; or too far posteriorly, as, after dividing the 
layer of the superficial perineal fascia covering the rectal triangle, and bir hi 
the rectal space, it might open the rectum itself. In the deeper parts of the 
wound it will be seen that if it is too extensive, or carried too far upward, it might 
pass completely through the left lobe of the prostate and divide the visceral layer of 
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the pelvic fascia (which is reflected from the gland near its upper end), favoring the 
development of pelvic cellulitis from urinary infiltration (page 1933); or it might 
divide the neck of the bladder and open up the recto-vesical fossa with the same 
results ; or, if the prostatic incision were too extensive and too vertical, it might 
wound the ejaculatory ducts or seminal vesicles. The incision—which is made after 
a grooved staff has been introduced into the bladder, and while it is held in place by 
an assistant—accordingly begins at a point a little to the left of the raphe and a little 
posterior to the perineal centre—/.¢., about one to one and a quarter inches in front 
of the anus—and, opening the left ischio-rectal fossa, ends at the junction of the 
outer and middle thirds of a line drawn between the posterior margin of the anus 
and the ischial tuberosity. This incision should be deepest near its upper end—not 
far, at its upper and deepest portion, from the apex of the ‘‘ perineal triangle’*—and 
should become shallower as it passes into the ischio-rectal space. It divides skin, 
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Deep dissection of perineum in which root of penis has been removed, showing urethra 
emerging from prostate, which is partly exposed between levatores ani. 


. 
both layers of superficial fascia, the superficial transverse perineal muscle, artery, and 
nerve, the lower edge of the superficial layer of the triangular ligament, and, as it 
crosses the ischio-rectal fossa, the inferior hemorrhoidal vessels and nerves. 

The left forefinger of the operator now guides the knife into the groove of the 
staff, and the incision is deepened with the knife-blade inclined laterally and pushed 
onward into the bladder, dividing the compressor urethra: muscle, the membranous 
urethra, the superior layer of the triangular ligament, a few median fibres of the leva- 
tor ani, the prostatic urethra, and a portion of the left lobe of the prostate. 

The neck of the bladder should be dilated with the finger rather than incised, 
and will, without serious laceration, permit the extraction of a stone of the diameter 
of an inch to an inch and a quarter. 

In children the following facts should be borne in mind: (@) the relative nar- 
rowness of the pelvis, limiting the operative space ; (4) the undeveloped condition 
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rifices of the ducts of Cowper's glands. The circular fibres, outside the longitudi- 
wre best developed at the internal orifice, where they form a layer three or four 
as thick as the longitudinal, which they accompany as a distinct, although di- 
hing, stratum as far 
das the termination 
e membranous ure- 
disappearing first on 
ywer and last on the 
r wall of the fossa 
. Beyond the pos- 
* third of the pars 
ziosum the intrinsic 
le is wanting, the 
ular tissue surround- 
he remaining parts 
ging to the erectile 
: of the corpus spon- 
m (Zuckerkand). 
The internal vesical 
eter encircling the 
1encementof the ure- 
is derived from the Section of mucous membrane of prostatic urethra, showing 
or layer of the mus- gland-like crypts in mucosa. x 45. 
sheet of the trigone ; ‘ hes : 
tuscle of the adjacent vesical wall does not directly take part in its production 
scher). 
At heats of the prostate the urethra is encircled by bundles of striped muscle 
nas the external vesical sphincter. Higher up these bundles lie entirely in 
of the urethra in close relation with the lower border of the involuntary sphincter, 
nt of which they extend. Below, the external sphincter is continuous with the 
ressor urethrze muscle, as an upward prolongation of which it may be regarded 
!). As it passes between the two layers of the triangular ligament, the mem- 
+ branous portion of the 
Fic. 1634. urethra is enclosed by 
stout annular bundles of 
the compressor urethra 
muscle, which when stim- 
Surface epithelium ulated to contraction, as 
by the presence of an in- 
strument in the canal, 
may tightly embrace the 
urethra and embarrass 
the passage of the cathe- 
ter. These fibres are 
continued forward for 
some distance beyond the 
lower layer of the trian- 
gular ligament. 

Since they affect the 
canal, although not in 
intimate relation with its 
wall, the fibres of the 
bulbo-cavernosus muscle 
may also be included in 
of wall of urethra in spongy portion, showing crypts = the extrinsic urethral 
in mucosa and numerous venous spaces. % 35° musculature. 

The urcthral glands, 
inds of Littré, embrace two groups—those within the mucous membrane and 
within the submucous tissue—the ducts of which are seen with a magnifying- 
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glass as minute openings on the mucous membrane. The former, the :nframucows 
g/lands, are simple in structure, consisting usually of a single alveolus, less frequeray 
of two or three, from .o70-.100 mm. in diameter. They are lined with cylindrac 
epithelium and occur in all parts of the urethra, being most numerous in the spo s7gy 
portion (Herzog). The submucous glands, although small, are larger than thm ose 
limited to the mucosa, but are less widely distributed, being absent in the distal “Whalf 
of the pars membranacea and the proximal third of the spongy portion. They are 
most abundant and best developed on the upper wall of the spongy portion, ante ammior 
to the openings of the ducts of Cowper’s glands (Herzog). Their ducts often ext <aend 
several millimetres obliquely backward, more or less parallel to the urethra, and diw ~ide 
into two or more slightly expanded terminal tubules which are lined with cylindr— ical 
epithelium. Where surrounded by the corpus spongiosum, the submucous gland=== lie 
embedded within the fibrous tissue of the albuginea ; in the pars membranacea __ the 
glands are surrounded by the bundles of the compressor urethra: muscle. 

In addition to the foregoing true, although small glands, the urethral muc~ <ous 
membrane is beset, along its upper wall and near the mid-line, with small dizertic—uwle 
(lacunae urethrales) which are little more than tubular depressions within the lining== of 
the canal and cannot be regarded as glands, although they often receive the duct_=5 

submucous glands shat 
Fic. 1635. open into them. Onemmse of 
oe exceptional size (fron—sam 4- 
ate) 12mm. in length) iscc—>™- 

epittaine 2 4 44\%— monly found on the 
of the navicular fossa ts 
orifice being guarded _ by 
a fold of mucous mee=m- 
brane (valvula fossae or 
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ae vicularis ). 
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Longitudinal The Female Urcthe— 
muscle = 


—As in the male, the w=wrall 
of this canal consists & 
sentially of a mucat2US 
membrane supplemen “med 
by an outer muscular tu 
nic. The mucous mea—™ 
brane, thrown into lon= 2 


tudinal folds when smche 
canal is closed, is composed of a tunica propria, rich in elastic fibres, covered w— ith 


stratified squamous epithelium that above resembles the vesical type and below 1aaiht 
of the vestibule. In the female the urethral glands are represented by small gro. — 5 
of tubular alveoli that open by minute orifices on the mucous surface and correspomasend 
to Littré’s glands in the male. They are most plentiful in the upper part of the ue 4% 
thra, and often, especially in aged subjects, contain concretions resembling thc- 
found in the prostatic tubules (Luschka). The mucosa is also beset with small p=?" 
like depressions, similar in character to the lacuna in the male, into which the due= 3% 
of the glands frequently open. 

The muscular tissue of the female urethra comprises intrinsic unstriped fibre 
forming part of the wall and extrinsic striated tissue outside of the canal. TE f 
former are represented by an inner layer of longitudinally disposed fibres and s= a 
outer one of circular bundles, the two being separated by an intervening stratum 
areolar tissue on which a rich venous plexus confers the character of erectile tissue 9% 
At the internal orifice the circular fibres, in conjunction with those from the trigone-—* 
form the internal vesical sphincter. Between the layers of the triangular ligament tas 
canal is surrounded by bundles of the compressor urethra, fibres of which are pro 
longed into the anterior vaginal wall. The lower end of the urethra is embraced bhp ¥ 
the anterior fibres of the sphincter vagina: muscle (Lesshaft ). 

Vessels.—The arteries supplying the urcthra are from several sources, since 
those distributed to the canal are usually branches derived from the vessels passing 
to the surrounding organs. The pars prostatica receives twigs from the middle hem- 
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the testicles have failed to descend, and 
ce external genitalia of the female. In these c: 

closely applied to the fissure in the scrotum. In tl 

opening is at the junction of the anterior fold of the serotum 

_ vf the penis, and the latter is apt to be somewhat better d 

strongly curved downward, owing to its being much s ji an o1 

its upper surface. In the penile variety ca ap paced et ae 

: Reig colts on the lower surlace Of the between | 

the corona glandis, In the so-called Sane pd test the 

“urethra is situated on the under surface of the glans 1 

1s often a little groove at the anterior extremity pe cane rabicacoonblep.the 

‘normal meatus, but which usually ends posteriorly in a blind “how Wikegusne 
orifice is situated far back, the Novotna alte usually sterile, 

‘sarily impotent if the owe is well dev 

or so markedly curved upon itself that i es is impossible. The forma of hy- 


i 
-pospadias involving the glans are of no physiological importance and require no 
treatment. | 
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Epispadias is an absence of the upper wall of the urethra, is much rarer thas 
hypospadias, and is often associated with exstrophy of the bladder (page rgrr). \ 
may be extensive, in which case the opening of the urethra is close to the pubes, <s, 0 
there may be congenital absence of the pubic symphysis. 

In relation to its injuries and diseases and to its use as the‘route by which instra 2 estru 
ments are introduced into the bladder, the urethra may be divided into various po»<g pet 
tions; as (@) anterior and posterior ; (b) fixed and movable ; (c) curved and straight ~zyght 
(a) narrow and wide; (¢) dilatable and non-dilatable; (f) erectile and muscular «> Var 
(g) penile, perineal, and prostatic. 

(@) The anterior urethra includes all the spongy portion and the posterior —%<r ¢ 
deep urethra all the prostatic portion. They are separated, especially as regar—m > =arc 
infectious processes, by the intervening membranous urethra,—that portion lyim = ~« yin 
between the two layers of the triangular ligament and surrounded by the compresse===~=S 
urethra muscle. The contraction of that muscle, acting on the narrowed urethe £ z=thi 
of this region, constitutes a natural barrier to the backward progress of infective » & Bor 
and is doubtless aided in this by the resistance to tumefaction offered by the u as ur 
yielding inferior layer of the triangular ligament (the arbitrary boundary of tk 3 th 
‘‘anterior’’ urethra postcriorly), and possibly, in the ordinary position of the mas=«™=7nal 
organ, by gravity, as the movable prepubic downward curve of the urethra (zies7 = td 
infra) begins only a little anterior to that point. The division is a practical on «™ <—™ne 
and in its relation to the most common urethral infection (gonorrhea) affects bor <=> ot! 
prognosis and treatment (page 1931). 

(6) The /.ved portion of the urethra includes the prostatic and the membranous <=> #0u: 
portions and a little—from one to one and a half inches—of the posterior parte # tO 
the spongy portion. It may be said to extend from the neck of the bladder to tH ¥ the 
posterior margin of the suspensory ligament of the penis, about two and a half inche «& “hes 
anterior to the inferior layer of the triangular ligament. Of this relatively fixed portia—» © -!0n 
the membranous urethra is the only part that has practically no mobility. The proe<—>~°s- 
tatic portion may be moved slightly within the limits allowed by the pubo-prostate ® #@Uc 
ligaments and by the connection of its capsule with the superior layer of the triangula= Mf lar 
ligament in front and the recto-vesical fascia and rectum beneath and above. Thx he 
posterior part of the spongy urethra, the ‘‘ bulbous’’ portion, has even more motio <—#0n 
both laterally and inferiorly, as its movement in those directions is not opposed b. <—s 
any strong membranous or ligamentous structure. Qf course, anterior to the suspen=—?- 
sory ligament the spongy urcthra moves with the corresponding portion of the penis== 

This division, like the one following, is of great practical importance in urethr. 
or vesical instrumentation. 

(¢) The terms curved and straight, as applied to the urethra, are purely rela — 
tive. With the penis flaccid and pendent there is almost no straight portion, and the= 
urethra presents a reversed, irregular, S-shaped curve, the upper segment of which 
begins a little anterior to the vesical orifice and is nearly vertical, with its concavity- 
forward in the crect position of the subject, while the lower and longer segment is 
less vertical, is convex anteriorly, and ends at the meatus. The whole urethra may 
be divided, as to its curves, into (1) a comparatively fixed swépudic curve, including 
most of the prostatic urcthra, all of the membranous urcthra, and that portion of the 
spongy urcthra posterior to the suspensory ligament ; and (2) a prepubic curve, 
including the remainder. The former, or fixed, curve is, for convenience, described 
as that part of a circle of three and one-quarter inches diameter which is subtended by 
a cord two and three-quarters inches long. Practically it varies greatly from this stand- 
ard. It may be flattened out by downward pressure (the patient being supine) with 
a finger on each side of the root of the penis, thus elongating somewhat the slightly 
elastic suspensory ligament and depressing the anterior limb of the curve ; it can 
temporarily be obliterated, as in passing through it a straight instrument or the 
straight shaft of an instrument with a terminal curve. The two ends of the curve 
are approximately on the level of a line drawn through the under surface of the 
symphysis at right angles to its vertical axis. The summit of the curve—the lowest 
point with the subject erect—is on a line prolonging the vertical axis of the sym- 
physis, and is at the centre of the membranous urethra and about an inch behind 
and below the subpubic ligament. 


‘from the membranous or the prostatic ‘urethra will 
ward, but into the bladder, and injections intended to reach the 
driven in at the meatus, extend no farther back than the inferior | 


ligament. , ; 
__ There seem, then, to be good grounds, both from gic nom 
eet ooint, for dividing the urethra into an predating u ago 
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ated with the determination of blood to the part by gravitation, imparts, as in 
inflammations where the same conditions exist, a | tae titerra Hebets 
a eat seats oer pened tims ~ 8 er 


ore Mes fe aedeagal at os a ; the membranous part 
, as it in deeper of the selthelicmvte eet 
ele er ape but with few ions in the po -urethra, from 


To some or all of the aces Sr Lae may then be added : (a) fr and 
urgent urination, as the normal slight desire to urinate, felt when the jer is 
moderately distended, the internal vesical sphincter dilates, and the urine comes in 
contact with the prostatic urethra, is transformed into an uncontrollable desire when 
the prostatic mucosa is inflamed and dipineeinec= idan (6) tenesmus from spasm of 
the internal sphincter transmitted to the detrusors and due to the same excitation 
in the neighborhood of the vesical neck ; (¢) ch eae (page 1914) may follow direct 
extension of the infection by way of the mucosa; (@ Y prosiatitis (page: 1980) from 
its spread along the prostatic ducts or into the prostatic follicles ; (¢) 

(page 1958); or (/) vesiculitis (page 1960), pestis its following the vas deferens or 
the seminal ducts. 

_ Chronic urethritis is apt to follow an acute attack because : (a) the canal affords 

ical passage to a secretion, the urine, which is liable, by reason of changes in 
‘constitution, to to become an actual irritant; (4) it is exposed, at times of erection, 
tS iitense congestion of all its vessels, and the converse is also true, a congested or 
irritated spot along the urethra predisposing to erection ; (¢) gravitation, the propor- 
tionately excessive supply of blood to the region, and the dis atesaeerel of extravascular 
resistance due to the loose character of the spongy tissue, all favor the persistence 
of any congestion left after a first attack of urethritis ; (d) the condition of approxi- 
mation of mucous surfaces, as of the urethral walls during the intervals of micturition, 
is here, as elsewhere, unfavorable to the disappearance of granular or injected areas 
or other traces of inflammation. The tendency of the gonococcus to establish itself 
in the deeper layers of the mucous lining, and to multiply there where it is compara- 
tively inaccessible, is another cause of the frequent occurrence of the chronic forms 
of urethral inflammation. 

Stricture of the urethra is an important and frequent sequel of urethritis, It 
consists essentially in a contracting peri-urethral deposit of fibrous tissue due to the 
organization of the exudate deposited in the submucosa during the existence of a 
urethritis. The situation of stricture varies, but there can be no doubt that the great 
majority are to be found in the bulbo-membranous region, which includes a 
from about one inch in front of the anterior layer of the triangular ligament to the 

‘membranous junction. The next most frequent seat is in the two inches 
of the urethra. The frequency of strictures in these regions is due to the fact that 
they are exceptionally vascular and that chronic urethritis is espec Mo the bul to become 
localized at those points. The especial abundance of follicles in the bulbous urethra 
favors urine leakage and submucous exudate there. Gravitation in both regions 
favors chronic congestion and may possibly of itself explain the clinical facts as to 
frequency. The smallest number are found in the middle of the spongy urethra. 
These remarks apply to the form of stricture produced by urethritis, Traumatic 
stricture usually affects the membranous urethra. Stricture of the prostatic urethra 
is practically unknown, probably because in that region the submucous connective 
tissue is relatively scanty, the urethra is lined with vesical or transitional instead of 
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‘This difference increases with age, and obtains especially in 

The extensibility of the inferior wall is brought into ponds a moderate 

force, and the surgeon cannot count on its resistance. It pias ely Poe Ske 

and cannot serve to guide it ; it cannot be incised with any accuracy or 

lacerates or coments when surprised by distention ; and it yields ra yan 
a epee testing its extensibility. It should be no , too, that 

ation of the canal is chiefly at nine ex of the anterior urethra. jena 


portion does not yield equally in a rts, since it has been shown that of 
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transverse fvbu/es within the postero-lateral body-wall internally © 
=p Hecheeataity of iexslara, tie 10 ings being. known 25 ncproutomad, 
fait wecxhicoe camel, the prenchlote cach, extends caudally and ties into t 
ee Ceres ect cao dkc tad avi, lies © eran ef conrvotiien bincl vee 
piorpales appl by branches of the aorta.’ These three. parts of the primitive 
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Suprarenal body Gut-tube 
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organ provide for the essential requirements of the most elaborate uri apparatus,—the 
duction of the watery constituents, the excretion of the waste products, the conveyance * the 
excretion so elaborated. The pronephros is fundamentally a segmental , the tubules being 
so arranged that each corresponds to a single body-segment or metamere, although by no means 
every such division contains a tubule. It may be assumed that the tubules of the pronephros 
represent the segmental ducts which in ancestral forms extended from the et bly directly 
onto the external surface of the body and thus carried off the fluids accumulated within the 
ccelom. In consequence of the closure of this direct communication with the exterior, which 
may be accepted as having occurred during the evolution of a more elaborate excretory system, 
the necessity for a new path of exit is py the formation of the common pronephrie duct into 
which the tubules open, and which, by its prolongation to and termination in the end-gut, insures 
the escape of the excretions. 

The development of the pronephros is closely associated with the mesoblastic somites. A 
transverse section of an early mammalian embryo (Fig, 1636) shows the paraxial mesoblast, be- 

neural canal and the cleavage of the lateral 


mesoblast into the somatic and visceral plates, to comprise Fic. 1639. 
two parts, the mesial forming the somife and the lateral or 
intermediate cell-mass. \t may be assumed that in the : eS ag 





higher types the solid somite and the intermediate cell- 
mass have arisen by fusion of the primarily distinct dorsal 
and ventral mesoblastic plates (Fig. 1638), The inter- 
mediate cell-mass soon separates into a small duct-anlage, 
situated dorsally and in close relation with the ectoblast, 
and a larger ventral tract pe Pea the remainder of the 
intermediate cell-mass. Within this ventral area the tu- 
bules shortly appear, and later the glomeruli. Although ; 
reaching a comparatively high development in certain fishes ’ 
and amphibians (especially in Ichthyophis described bs a ) Molten 
mon), in mammals the pronephros consists of a few tubules 
connected with the duct, and even as an aeee of embryonic 
life never attains more than a feeble transient exist- sO Tit 
ence. Inthe human embryo of 3 mm. length, studied by Sih Pb Body-cavity 
Janosik, it was represented by two rudimentary tubules that ©, z wy fe 
led from the mesothelial lining of the body-cavity 
towards the on ge duct, with which one of the tubules 
ted. 


aoe eegeectest The pronephros of the amniotic ver- aor 
tebrates, therefore, must be regarded as a rudimentary ectigi 
inherited organ which appears in response to transmitted PR pb : atten Sette 


Ce of Wolffian 
ancestral tendencies. bules are johiing uct. 50, 
The Mesonephros or Wolffian Body.—This organ 

may conveniently be regarded as comprising a later generation of excretory /udu/es opening into 
acommon canal, the Wolffian duct, which is usually looked upon as the continuation and mor- 
peclorxal persistence of the pronephric duct. In their development these tubules and duct bear 
a similar relation to the intermediate cell-mass as do those of the pronephros, only the body- 
segments involved lie farther tailward and the strict segmental arrangement of the tubules is lost 
owing to their multiplication and, as in mammals, precocious development. In contrast to the 
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foetus, to the formation of certain structures and parts of the excretory ; 
sexta i wth the male the Wolffian dart and tubules persist chiellp a= the ves Spe 
the epi nthe female, in whom the 


ante Fro, 1642. 








reproductive organs (page 2037 and Fig. 
1719). 
The Metanephros or Kidney,.— 
The development of the definitive kidney 
in a ins as a yang lak 
growth from posterior wal e 
Wolffian duct, a short distance above its 
termination into the cloaca. In man the 
renal diverticulum makes its appearance 
during the fourth week, at which time 
the embryo measures from 6-7 mm. in 
length, At first short and wide, the stalk 
of the pyriform sac soon becomes tubu- 
lar, growing upward and backward into 
the mesoblast of the posterior body-wall. 
This stalk rapidly elongates, and termi- oy 
nates above nee ns blind ey iea oP eS. . 
tremity whi er a time lies behind the Longind 43 : . 
Br ancokis segment of the Wolffian tion ot Secs Woithine Beay is tooo beta par 
body. The tubular duct becomes the 
ureter and its dilated end-segment the renal pelvis. The latter is surrounded by a 
sharply defined oval area of compact mesoblast that is intimately concerned in the 
production of the convo- 
Fic. 1643. luted kidney-tubules (of 
, which as yet no trace 
present), and hence is 
termed therena/blastema, 
From the ventral and 
dorsal walls of the primi- 
tive pelvis, which is com- 
pressed from before back- 
ward, a number of hollow 
sprouts grow into the 
surrounding mesoblastic 
stroma. Each is a short 
cylinder that terminates 
in a slight dilatation. At 
first few, these sprouts in- 
crease rapidly in number 
as well as in length, and 
by repeated dichotomous 
division give rise to a sys- 
tem of branching canals 
that later are represented 
by the straight collecting 





Ampullary terminations of 





collecting tubules “$5 _ Z 5 


Section of developing kidney, showing formation of urinifer- i 
ous tubules and collecting canals, X 100. tubules of the kidney. 


’ Concerning the ori- 
gin of the remaining portions of the uriniferous tubules two opposed views obtain. 


According to the one, all parts of these canals develop as direct continuations of the 
122 
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outgrowths from the primitive renal pelvis ; according to the other, the convoluted 
tubules (from their beginning in the capsule to their termination in the collecting 
tubules within the medullary ray) arise independently within the renal blastema, 
and, secondarily, unite with the duct-system from the pelvis to complete the canals. 
The careful studies and reconstructions of Huber’ leave little doubt as to the cor- 
rectness of the latter view, which, 
moreover, accords with the prin- 

ciple observed in the develop- 

ment of the pronephros and the 
Wolffian body, in which the tu- 

Gut-tube bules and the duct join subse- 
Neural quent to an independent forma- 
tube tion. The attenuated proximal 
end of the convoluted tubule—for 
a short time solid and in close rela- 
tion with the anlage of the glom- 
F etchard erulus—soon becomes a sickle-like 
process which gradually incom- 

End-gut— pletely surrounds the vascular tuft 
: and later expands into the charac- 

Fall-ha teristic capsule. With the con- 
Reconstruction of caudal portion of human embryo of seven- tinued growth of the tubules their 
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umbilical artery 


Allantoic _ 
duct 
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teen days ‘s mm. greatest length), showing cloaca connected 


with gut and allantoic duct. x 48. (Drawn /rom Keibel model.) tortuosity becomes more marked, 


the loop of Henle early becoming 
a conspicuous feature of their course. By the third month the formation and group- 
ing of the tubules have progressed to such extent that the surface of the young 
kidney exhibits the outlines of the individual lobes composing the organ. This lobu- 
lation is retained until some months after birth. In addition to the convoluted tubules, 
the vascular and supporting tissues are derived from the renal blastema, the con- 
densed peripheral part of which becomes the fibrous capsule of the kidney. As the 
latter assumes the réle of active excretory organ, the Wolffian body undergoes atrophy, 
with the exception of such parts as are concerned in the development of the sexual 
ducts. 
The Bladder and the Urethra.—The details of the development of the 
bladder and urethra in mammals and man have been materially advanced by the 


Fia.* 1645. Fro. 1646. 
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— Dorsal segment u! cloaen_ _Cloecal membrane 


Reconstruction of cloacal region of human Preceding model viewed from right side show- 
embrvo of twenty-six days (6.5 mm. length) ; ing beginning division of cloaca into ventral (ure 
Wolfiian duct) opens into ventral segment: of genital) and dorsal (intestinal) segment by longa- 
doaca. + 78. (Drawn from Keibel model.) tudinal septal fold. (Drawn from Aeibel mode?.) 


investigations of Keibel, Retterer, and Nagel, upon whose conclusions the following 
account is based. A sagittal section through the caudal pole of an early human 
embryo of 6.5 mm.. about the beginning of the fourth week (Fig. 1645), exhibits 


' American Journal of Anatomy, vol. iv., Supplement, 1905. 
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stony sas Te ere en wa eet ae 
nbilic the allantois. upper part is sac, which is ated is, 
forms tl ly and summit of the bladder and the urachus; the lower part, into 
which the ureters open (Fig. 1649) and which is derived from both allantois and 
cloaca, « jates into the vesical trigone and the urethra as far as the openings « 
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the ejaculatory ducts, the permanent representatives of the Wolffian ducts. In the 
female the tract produces the entire urethra, since the orifice of the sexual canals 
opens into the uro-genital sinus. The bladder, therefore, is composite in origin, its 


Fic. 1649. 
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Milllerian ducts 


Epithelial knob. 


Anus 


Uro-genital sinus: Wolffian duct 


Rectum 
Reconstruction of human embryo of nine weeks (es mm. length) ; ureter has migrated to 


bladder, leaving Wolffian and Miillerian ducts attached to uro-genital sinus, which is com- 
pletely separated from intestine. x 10. (Drawn from Ketbel model.) 


upper part being from the allantois alone, while in the formation of the trigonal region 
both allantois and cloaca take part. The remaining portions of the urethra in the 
male are formed by the extension of the uro-genital sinus along the under surface of 
the corpora cavernosa of the developing penis (page 2044). 
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THE MALE REPRODUCTIVE ORGANS. 


Tus group comprises the sexual glands (the /esfes), the ducts ssi deters ) 
and their Srgeniager (the seminal vesicles), the tive organ (the penis), 

certain accessory glands (the prostate and Cowper's glands). Although at first 
situated within the abdominal cavity, the*testes m| through the ee canal 
into the scrotum, which sac they usually gain ly before birth. In descent 
they are accompanied by blood-vessels, lymphatics, nerves and their ducts, which 
structures, with the apport, and investing tissue, constitute the spermatic cord that 
extends from the internal minal ring through the abdominal wall to the scrotum. 


THE TESTES. 


As often employed, the term ‘‘ testicle’’ includes two essentially different parts, 2 
the testis—the true sexual gland—and the epididymis, the highly convoluted begin- 
ning of the spermatic duct. 

The testes, or testicles proper, the glands producing the seminal elements, are two 
slightly compressed ellipsoidal bodies so suspended within the scrotum—the left lower 


Fic. 1650. 





Reflection of serous covering 
A, antero-lateral view Line testicle etter cavcioniny membranes have been cut and 
tu 


aside; #, antero-median view of same. 

than the right—that their long axes are not vertical, but directed somewhat forward 
and outward. Each testis measures from 4-4.5 cm. (134-1% in.) in length, about 
2.5 cm. in breadth, and 2 cm. in thickness, and presents a lateral and a medial sur- 
face, separated by an anterior and a posterior border, and an upper and a lower pole. 
The lateral surface looks outward and backward, and the flatter medial one inward 
and forward. Both surfaces, as well as the anterior border, are completely covered 
with serous membrane (the visceral layer of the tunica vaginalis) and are, therefore, 
smooth. The rounded anterior border is free and most convex, the much less arched 
posterior border, covered by the epididymis and attached to the spermatic cord, being 
devoid of serous membrane and corresponding to the hilum. In consequence of the 
obliquity of the long axis of the organ, the upper pole, capped by the head of the 
epididymis, lies farther outward and forward than the more pointed lower one, which 
is related to the tail of the epididymis and attached to the scrotal ligament (page 
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2042). The testis is of a whitish color, and, although readily yielding, imparts a 
characteristic impression of resilience when compressed between the fingers. 

Architecture of the Testis.—The framework of the testicle proper consists 
of a stout capsule, the ‘unica albuginea, a dense fibro-elastic envelope from .4—.6 mm. 
in thickness, that gives form to the organ and protects the subjacent soft glandular 
tissue. Along the posterior border of the testis the capsule is greatly thickened 
and projects forward as the mediastinum testis or corpus Highmori, a wedge-shaped 
body (from 2.5-3 cm. in length), from which radiate a number of membranous septa 
that pass to the inner surface of the tunica albuginea. In this manner the space 
within the capsule is subdivided into pyramidal compartments, the bases of which lie 
at the periphery and the apices at the mediastinum. These spaces contain from 150 
to 200 pyriform masses of glandular tissue, more or less completely separated from 
one another, that correspond to /odu/es (lobuli testis). Each of the latter is made up 
of from one to three greatly convoluted seminiferous tubules, held together by delicate 
vascular intertubular connective tissue. 

The seminiferous tubules—from .15-.25 mm. in diameter and from 25-70 cm. 
(10-28 in.) in length—begin as blind canals, which are moderately branched and 

very tortuous (¢«buli contorti) throughout their 
Fro. 1651. ’ course until they converge at the apex of the 
Globus major of epididymis lobule, where they pass over, either directly 
: or after junction with another canal, into the 
narrow, straight tubules (fedudi rect?) that 
enter the mediastinum and unite into a close 
net-work, the rete testis. The latter extends 
almost the entire length of the mediastinum, 
efferentes and consists of a system of irregular inter- 
-—Tubuli recti_ — communicating channels, the cuboid epithelial 
lining of which rests directly upon the en- 
sheathing fibrous tissue of the mediastinum. 
With these passages the canals of the testicle 
proper end, the immediate continuation of the 
Pm spermatic tract being formed by from fifteen 
epididymidis to twenty tubules, the ductult efferentes, that 
4_ Globus minor pierce the tunica albuginea along the posterior 
border and near the upper pole of the testis 
Sm oat . and, forming the con? vasculost, connect the - 
; _ Tunica albuginea ~~ sexual gland with the tube of the epididymis. 
bilder erode being ee alae Structure.—In contrast to the dense 
fibro-elastic tissue that composes the /rame- 
work of the testis,—the capsule, mediastinum, and interlobular septa,—the con- 
nective tissue occupying the spaces between the seminiferous tubules is loose in 
texture and arrangement, consisting of delicate bundles of white fibrous tissue in 
which elastic fibres are few or absent. In addition to the plate-like cells, leucocytes, 
and cosinophiles that occur in varying numbers within the meshes of this tissue in 
conjunction with blood-vessels and nerves, groups or cord-like masses of peculiar 
polygonal elements, the zferstitial cells, also occupy the intertubular stroma, especi- 
ally in the vicinity of the mediastinum. These cells (Fig. 1654), from .015~.020 
mm. in diameter, possess relatively small round or oval eccentrically placed nuclei 
anda finely granular protoplasm that usually contains numerous brownish droplets, 
pigment particles, and, sometimes, crystalloid bodies in the form of minute needles 
or rods. In some animals, notably in the hog, the deeply colored interstitial cells 
form conspicuous tracts that impart a dark tint to the testicle in section. Their 
significance is obscure, but they are probably modified connective-tissue elements 
derived from the mesoblast of the germinal ridge (Allen, Whitehead). 

The wall of the convoluted seminiferous tubules consists of a delicate tunica 
propria, composed of an inner elastic lamella strengthened externally by circularly 
disposed fibres, within which are several layers of epithelial cells. The latter vary 
not only before and after the attainment of sexual maturity, but subsequently with 
functional activity or rest ; in man, however, the variations depending upon these 
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causes are much less marked than in animals, in which sexual Hig ese; aie ene 
definite Seen in sections of the mature human testicle (Fig. epi- \ 


thelium ance gal acetal Se eA Sipe ea my de support- 

fara = f the Kaen but ict Stiga tortie 
ion oO} s| cae as 

more essential elements during certai certain stages of spermatogenesis. they 


elements of Eseeuiarty idal form that oa ie coolant es upon the mem- 
brana propria, and towards the lumen of the Becwesn the layers a the 


Tunica albuginea 





Sagittal section of testicle of child, showin, arrangement of framework and 
gland-tissue and of canals Pein Bae cu epididymis with testis. ™ 10. 


Surrounding spermatogenetic cells. The large oval nuclei of the Sertoli cells are con- 
spicuously meagre in chromatin, and lie towards the middle of the cell at some distance 
from its base. The outer part of the protoplasm contains fat-droplets, the inner zone 
being granular or often longitudinally striated. Where the tubuli contorti pass into 
the straight tubules the supporting cells become reduced in height and form a layer 
of simple columnar cells continuous with the low cuboidal epithelium lining the rete 
testis. 

‘The spermatogenetic cells include three forms that stand in the relation of suc- 
ceeding generations to one another, those representing the oldest lying nearest the 








the protoplasm of which they > 


fuse, The structure thus 


protop! 
mic mass (Fig. 1657, 27), 
with the inner end of which the 


changes in- 
clude the transformation of the 
elongated nucleus of the 
matid into the head and 
centrosome into the middle- 
piece of the spermatic filament, 
vat from eat protoplasm of 


ibly in con- 

ate ae esetcomiore, 
matoblast, the te tail- 
filament is deri As the 


spermatozoa 1 
and more differentiated, they 
appear as fan-shaped groups 
in which the heads are always 
buried within the spermato- 
blast and the tails directed to- 
wards the lumen of the canal. 
After separation, which subse- 
ses takes place, the _ 
spermatozoa occupy the 
centre of the tubule as font 
which often occlude its lumen 
and in which the seminal fila- 
ments are disposed in peculiar 
sien ups. Theircom- 
opment, however, 
is Goeeeel until they reach 
on tube mi the epididymis, 
uring the passage through 
which highly tortuous path 
they attain maturity and lose 
the asmic remains of 
the spermatids that usually for 
a time adhere to the middle- 
piece. The spermatogenetic 
does not involve uni- 
all parts of the seminif- 
erous tubule, but is manifested 
with oe periodicity ; 
ently sections taken 
through the same tubule a few 
millimetres apart exhibit dif- 
ferent stages of the cycle, al- 
though the cells are never all 

of one phase. 























Part of mediastinum, showing irregular channels of rete testis. X 75. 


Fic, 1656. 
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THE EPIDIDYMIS, 


yested by a delicate envelope, with the exception of the last .oo5-.006 mm. that con- 
tinues uncovered as the attenuated end-piece. In front a minute spherical thicken- 
ing, the end-&noé, marks the termination of the axial fibre, where it joins, but 
not te, the head, and probably represents the centrosome of the | 

Within the middle-piece the envelope surrounding the axial fibre, after the action 
of certain stains, exhibits markings that suggest the presence of a spirally arranged 
filament of great delicacy. : : 


g 


; 


THE EPIDIDYMIS. 


The epididymis, the greatly convoluted beginning of the seminal duct, is a 
crescentic body, triangular in section, that covers the entire posterior border and the 
adjacent part of the outer surface of the testis. Its enlarged upper end or gi 
major (caput epididymidis ) covers the superior pole of the sexual and is attached 
to the latter not only by connective tissue and serous membrane (as is the globus 
Se cloany mn. The oictoellog parvitie Beare mae tienes ee anaeni i 
its ex e su in , the dody, ally tapers as it desc to 
the lower pole, at which point the epididymis presents seat oe | Sean py mete 
enlargement, the globus minor (cauda epididymidis), that bends backward to ie 
the Serene The latter riage Re 
upward along the median side- + 1650. 
the posterior border of the epidid- 
ymis to ascend in the spermatic 
cord. Where attached to sur- 
rounding structures, as at its two 
ends where in contact with the tes- 
ticle and along its posterior border 
where blended with the spermatic 
cord, the epididymis is devoid of 
serous covering ; in other places 
it is completely invested by the 
tunica vaginalis, a deep recess, the 
digital fossa (sinus epididymidis) 
anenening between the body of 
the epididymis and the adjacent 
surface of the testis. The bulk of 
the globus major depends upon 
the aggregation of from twelve to 
fifteen conical masses (lobuli epi- 
didymidis) formed by the efferent 
duets and their tortuosities, the 
coni vascufosi, that pass from the 


pper is and connect Eo 
ae ene of “2 Ricoh ~ ) of Pyramidal lobules of gland-tissue (seminiferous tubules) 


the * Dissection of testicle after tubules have been filled with ng 
Ss. silver; testis has been separated into the component lobules. 
The latter (ductus epididymi- 


dis), beginning in the globus major, receives the efferent ducts and becomes great! 
convoluted, the extraordinary windings of the single tube contributing the chief bul 
of the body and the tail of the epididymis. When unravelled, the canal measures 
from 5-5.5 m. (18-20 ft.) in length, its remarkable convolutions sufficing to pack 
away this long duct within the small volume of the epididymis. 

Structure.—The conical lobules of the globus major are enclosed by a fibrous 
envelope resembling but less robust than the tunica albuginea testis, within which the 
convolutions of a single tubule are held together by delicate vascular connective tissue. 
The transition of the channels of the rete testis into the efferent ducts is marked by 
an abrupt change in the character of the lining epithelium, the low cuboidal cells of 
the former giving place to irregularly ciliated columnar elements within the latter. 
The tubules—from .2-.5 mm. in diameter—present an irregular lumen, owing to the 
inconstant thickness and pitted surface of their epithelium. Just before terminating 





ay 








1948 HUMAN ANATOMY. 


in the canal of the epididymis, the tubules become narrowed and surrounded by a 
thin layer of circularly disposed involuntary muscle. The canal of the epididymis— 
from .4-.5 mm. in diameter—is lined throughout by a double layer of tall and 
slender columnar cells, the free ends of which bear groups of cilia of exceptional 
length that adhere and form pointed tufts surmounting the cells. A noteworthy 
feature of the wall of the canal is the layer of involuntary muscle, from .015-.030 mm. 
in thickness, that encircles the membrana propria and, especially in the globus minor, 
almost entirely replaces the stroma 
Fic. 1660. of the mucous membrane.  Exter- 
nally the muscle fades into the con- 
nective tissue holding together the 
convolutions of the canal, 
Vessels of the Testis and 
Epididymis.—The arteries sup- 


Fibrous envelope: 








PRS ee plying these organs are the sper- 
matic and the deferential, the former 
being distributed especially to the 
testis and the latter to the epi- 
didymis. An additional source is 
provided by anastomoses with the 

Blane cremasteric artery. The spermatic 


artery (a. testicularis)—a slender 
branch from the abdominal aorta 
arising a short distance below the 


Attachment “TSA | renal—is distinguished by its long 
Rey ‘ course necessitated by the migra- 

Tile ee = ae tion of the sexual gland from the 
bY tn | lumbar region into the scrotum. 

. ‘tOD* On reaching the posterior surface of 
Vas aberrins €% the testicle, it divides into three or 
ae four branches that enter the medi- 

Be astinum and break up ‘into super- 


ficial and deep twigs, which follow 
the tunica albuginea and the septa 
respectively and form the rich ca- 
pillary net-works surrounding the 
ae Aassceds seminiferous tubules. One or more 
Section across lower part of epididymis. ©: 15. branches pass to the head of the 
epididymis and anastomose with the 
artery of the vas, The latter (a. deferentialis), from the inferior or superior vesical, 
accompanies the spermatic duct and supplies chiefly the body and tail of the epididy- 
mis, by its connections with the spermatic artery establishing an anastomosis that 
may become of importance in maintaining the nutrition of the testicle. 

The veins, superficial and deep, emerge from the testis and, joining with those 
from the globus major, form several stems of considerable size that ascend within the 
spermatic cord in front of the vas deferens, while those from the body and tail of 
the epididymis unite into a smaller posterior group that accompany the canal 
(page 1960). ‘ 

The 4vmphatics of the testicle, beginning in the walls of the tubules and the sur- 
rounding connective tissue, follow in general the course of the veins as a superficial 
and a deep set, and emerge as a half-dozen or more relatively large trunks to which 
the lymphatics of the epididymis are tributary. Within the spermatic cord they ac- 
company the groups of veins, and finally empty into the lumbar lymph-nodes. 

The nerves of the testis and epididymis, chiefly sympathetic fibres destined 
for the walls of the blood-vessels, accompany the latter as the spermatic and the 
deferential plexuses that surround the corresponding arteries. Medullated fibres, 
probably conveying sensory impressions, occur among the more usual pale ones. 
The relations between the terminations of the nerves and the tubules are uncertain, 
Letzerich and Sclavunos describing intercellular filaments within the canals in addition 
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to the well-established end-plexuses on the external surface of their membrana pro- 
pria. The existence of intratubal nerves, however, needs further evidence. 


THE APPENDAGES OF THE TESTICLE. 


Under this heading are included several vestigial structures that remain for a 
variable period, some throughout life, as more or less conspicuous bodies attached to 
the testis or to the epididymis. They claim attention not only on account of their 


interesting morphological relations, but also since they may become the seat of 


i ther pathological The most important are (1) the appendix 
ientzs, (a) ihe apenslix epididymidss, (3) fhe, aerate asd Ch tie ee oe 


S. eedplecenree safe presen oy 43 Se tod 
t fairly constant i t in over go cent. ing to 
Saptari iru So ee ae 
e testis close to or ¥ ry major (Fig. 1 te 
vat ‘*hydatid’’ is inappropriate, since the gh pie Aen ts rine 
form is irregular. Its end often 
presents a shallow, funnel-like de- Fic. 1661, 
pression surrounded by a dentated i 
margin, the whole suggesting the 
fimbriated end of the oviduct in minia- 
Detelagiad sexiicuscnet than 
em significance of the ap- 
IER pe 
iillerian duct 
2038) overgrown and i bg 28 
connective tissue. In structure the 
appendage consists of a vascular con- 
nective-tissue stroma in which lies 
embedded a minute canal, of variable 
size and extent, lined with columnar 
ithelium. Usually the canal ends 
bli , but in exceptional cases it 
may open on the free surface. 

Inconspicuous additional appen- 
dages of the rete testis have been 
described by Roth and by Poirier, 
which consist of blind tubules that 
extend from the testicle into the lower 
end of the globus major, either lying Sagittal section of appendix testis. X 25, 
buried within the iasterabebion the P 
testis or projecting as si vations on the free surface. They probably represent 
the heats of Wolffian tubules that failed to retain Ee ai with the canal of 
the oe (Wolffian duct). 

appendix epididymidis, or s/a/ked hydatid, much less constant than the 
sessile one (27 per cent. according to Toldt), appears as a small pyriform body (from 
3-4 mm. in length) attached to the upper pole of the globus major (Fig. 1650). 
This appendage is variable in form, size, and number (since two or more may be 
present), and corresponds with the pedunculated hydatid in the female, both bodies 
probably being derived from anlages of the tubules of the Wolffian body, although 
rane origin is still a subject of discussion and by some referred to the Miillerian 

uct, 

According to Toldt, an additional minute body (dower paradidymis), consistini 
of a single convoluted tubule, is sometimes nce in aged es dor behind tbe 
head of the epididymis, but in front of the veins. It may be isolated, connected with 
the canal of the epididymis, with the rete testis, or with both, these variable relations 
being explained by its probable nature as an efferent duct that has become com- 
pletely or partly disconnected. This tube is frequently the seat of cysts which, 
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abdominal plexuses is more indirect, ‘' testicular nausea'’ is less pronounced and is === 1 


often absent. : 
Epididymo-orchitis is usually of infectious origin, the gonococeus and the bacillus a=s21 

tuberculosis being the micro-organisms most often found, although the inflammation «=< 

may occur in the course of any infectious disease, as scarlatina, mumps, or typhoid >= 


The direct channel offered by the vas deferens explains the localization of the =»=4 
gonorrheeal infection (page 1954); the division of the spermatic at the epidid- — Ex 
ymis, and the fact that the arteries of the epididymis are smaller and more tortuous 2 
than those of the vas or of the testicle, and the consequent slowing up of the blood- 
current (favoring bacterial growth), may account for the preference shown the epidid- 
syphilitic orchitis is ely a late ae pinot el the disease at this stage shows its 
customary predilection for fibrous and connective-tissue structures, and, beginning, as 
it often does, as a cellular infiltration of the tunica albuginea, it follows the trabeculz 
into the interior of the gland. When syphilis affects the testicle during the second- 
ary sage, it behaves dike other infections and is, at least at first, localized in the 
epididymis, 

A certain number of cases of epididymo-orchitis follow strain, there 
been no known infectious cause and no direct trauma. They have the usual 
toms,—apt to be slight at first,—and occur with much greater frequency on the left 
than on the right side, Two of various theories as to their luction are inter- 
esting from the anatomical stand-point. (a) Violent contraction of the cremaster 
muscle, which, by suddenly jerking the testicle against the pillars of the external 
ring, causes bruising of the gland-tissue and the epididymis. The cremaster is cer- 
tainly capable of vigorous contraction, Thus it is not rarely observed that direct 
trauma of the testicle is followed by marked retraction of the organ, so that it may 
be drawn into the inguinal canal or even into the abdominal cavity. Even in severe 
pain, such as that which accompanies renal colic, the testicles are frequently found 
in close apposition to the external ring, while any one can observe the contraction 
of the cremaster by noticing the motion of one or both testicles during the passage 
of a catheter. Certain cases of chorea of the testicle are at times pte when 
this organ is moved by the cremaster with considerable rapidity and violence, 
(4) Rupture of some of the veins of the spermatic plexus, which are peculiarly under 
the influence of intra-abdominal pressure, are provided with but few and imperfect 
valves, are feebly supported by the surrounding tissues, and hence are especially 
subject to disease, Kins varicosity of these veins is one of the most common sur- 
gical affections, and the effect of the contraction of the abdominal parietes and the 
diaphragm upon the dilated yeins is so marked that succussion on ing or 
straining in any way is Sufficiently distinct to simulate that of an om r 
Given, then, a sudden and violent increase of pressure in these vessels, it is 
possible to conceive that rupture may occur, even although they are healthy ; this is, 
of course, more probable if they are weakened and dilated. Such a rupture would 
naturally take place in the cord, in the epididymis, or even in the substance of the 
testicle. And, if the theory of venous rupture from pressure is correct, we should 
expect the left testicle to be more frequently involved (as the veins of this side are 
more frequently yaricose), and the pain to be slight at first and gradually increase as 
more blood was effused and inflammatory symptoms developed. 

It is not improbable that both of these factors are concerned in the production 
of this form of epididymo-orchitis. : 

The various femors of the testicle have no especial anatomical significance except 
as to the routes by which they involve the nearest lymph-nodes (vide infra). 

Castration, unless modified by extensive malignant disease, is usually done bs 
means of an incision whith may be placed over or just beneath the external 
nal ring or even lower, and extends through the scrotal tissues, but not into the 
tunica vaginalis. The gland with its coverings may, if normal, easily be shelled out 
and the cord isolated, transfixed, ligated, and divided. If the vascular constituents 
of the cord are ligated separately, three arteries—the cremasteric, the spermatic, and 
the deferential—must be tied. The deferential artery is found close to the vas, and 
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with the seminal vesicle, a saccular organ representing an outgrowth from the main 
canal. 

The Vas Deferens.—This tube (ductus deferens) extends from the epididymis 
to the ejaculatory duct and includes almost the entire length of the spermatic duct, 
with a diameter of from 2-3 mm. Beginning at tne globus minor as the direct con- 
tinuation of the convoluted canal of the epididymis, the vas deferens is at first also very 
tortuous, and by its windings forms a tapering mass (pars testicularis) about 2.5 cm. 
in length. From the latter the seminal duct is prolonged upward along the inner 
side of the epididymis and behind the testis, becoming progressively less wavy and 


Fic. 1662. 
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of larger and more uniform size (3 mm.) as it enters the spermatic cord. Although 
the apparent entire length of the canal is about 30 cm. (12 in. ), its actual extent is 
some 45 cm, (18 in.) on account of the tortuosity of its first part. 

Within the spermatic cord (pars funicularis), accompanied by the deferential 
artery and the posterior plexus of veins (Fig. 1682), the vas occupies a position 
behind the other constituents of the cord, and may be recognized by the hard, cord- 
like fecl imparted by its thick fibro-muscular wall. The duct ascends almost verti- 
cally to the pubic spine, and on gaining the abdominal wall passes through the external 
abdominal ring, traverses the inguinal canal, and completes its passage of the body- 
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utricle (Fig. 1632). In rare cases the ducts of the two sides may join before reach- 
ing the urethra and communicate with the latter by a common aperture, or they may 
open independently into the prostati¢ utricle. 1n the descent of the duct the lumen 
of its upper and middle thirds is modified by a series of four or five diverticula of de- 
creasing size (Felix). At such levels the usual oblique oval outline of the canal is 
amplified by the irregular dilatations. 

Structure of the Spermatic Duct.—The vas deferens is distinguished by the 
conspicuous thickness of its wall (from 1-1.5 mm. ) that encloses a relatively narrow 
lumen (.5-.7 mm. ) and confers upon the canal its characteristic hard, cord-like feel. 
The wall consists of three coats, the mucous, muscular, and fibrous (Fig. 1664). The 

mucous coat is clothed with 

Fic. 1664. epithelium which in the vi- 

- cinity of the testicle and for 

an uncertain distance beyond 
resembles that lining the duct 
of the epididymis, consist- 
ing of an imperfect double 
layer of tall, columnar cili- 
ated cells. Throughout the 
greater part of the duct, how- 
)) ever, the cells are lower and 
\« without cilia and contain 
“{; numerous particles of pig- 
longitudinal , ment. The tunica propna 


muscle possesses a dense felt-work 
Circular. 






muscle of elastic fibres intermingled 

Ph at with bundlesof fibrous tissue. 

P muiacie The robust muscular coat 

Mucous (from .8-1.2 mm. in thick- 
membratic 


ness) constitutes approxi- 

mately four-fifths of the en- 

tire wall, and consists of pale 

, fibres arranged as an outer 

is longitudinal, a middle circu- 

Crosesdectinn: afivaa dclerens., voo3e: lar, and an inner longitudinal 

layer, the latter being less 

well developed than the outer and middle strata. The external férous coat that 

invests the muscular tunic is thin and serves to connect the spermatic duct with the 
surrounding structures. 

In its general structure the ampulla corresponds with the vas deferens, the walls 
of this part of the duct, however, possessing a much thinner muscular coat, in which 
the inner longitudinal layer is wanting, and a mucosa modelled by numerous ridges 
and depressions (Fig, 1663) and covered with a single layer of low, columnar, non- 
ciliated epithelial cells. 

The ejaculatory duct likewise possesses a structure essentially the same as in 
other parts of the spermatic canal. Its walls, however are thinner than those of the 
ampulla, this reduction being duc to the diminished thickness and incompleteness of 
the muscular coat, which on nearing the urethra becomes attenuated and mingled with 
fibrous tissue, In some places the epithelium of the duct consists of a single and in 
others of a double layer of columnar cells until within a short distance from the termi- 
nation of the canal, where it assumes the transitional character of the epithelium 
lining the prostatic urethra. 


THE SEMINAL VESICLES. 


The seminal vesicles «vesiculae seminales ) are two sacculated appendages of the 
vasa deferentia that lie behind the bladder and in front of the rectum. — Flattened from 
before backward, their general shape is) pyriform, with the larger ends. or deases, 
directed upward and outward, the long axes converging towards the mid-line as the 
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organs taper, often abruptly, at their lower ends to join the spermatic ducts. Usual; 
from 4-5 cm. in length, sometimes much longer and relatively slender and ane 
short and broad, the seminal vesicles vary greatly in size and in the detail of 

ment of their component parts and not i uently are markedly asymmetrical, the 
right one being often, but not in- 

variably, the larger. Fic. 1665. 

Divyested of the fibro-muscular 
tissue that invests the organ as its 
capsule and blends its divisions into 
a tuberculated common mass, each 
vesicle may be resolved into a chief 
duct and diverticula. The former 
—from 10-12 cm. (4-5 in.) in 
length—ends blindly after a more 
or less tortuous course, its terminal 
part often describing a sharp hook- 
like returning curve (Fig. 1667). 
From the main canal an uncertain 
number (from four to eight or 
more ') of blind tubular diverticula 
branch at varying angles and in 
different directions and by their 
tortuosities add to the complexity 
of outline. The lumen of the chief 
duct, as seen in section, is irregu- 
lar, constrictions and dilatations 
following one another with little  pjssection showing seminal ducts and vesicles, 
regularity. The opening of the and Cowper's glands viewed from beh 
duct into the lateral wall of the vas 
deferens is large in comparison with the terminal lumen of the ejaculatory duct, thus 
favoring the entrance of the secretions temporarily stored within the ampulla into the 
sacculated vesicle. The latter contains a fluid of light brownish color in which sper- 
matozoa are nearly always found during the period of sexual activity. 

Relations.—The seminal vesicles, together with the ampullz, lie embedded 
within a dense fibro-muscular layer, so that their position remains relatively fixed, 
especially below, and to a certain degree independent of the changes in volume of the 

bladder and the rectum, neither 

Fic, 1666, of which they directly touch. 

x Although when distended these 

organs are in close relation with 
the seminal vesicles, when em 

the bases of the latter lie laterally 

and at some distance from both 

the vesical and rectal wall, sur- 

rounded by numerous veins that 

continue the prostatic and vesi- 

cal plexuses. The lower half 

of the seminal vesicles and the 

ampulla lie behind the fundus 

of the bladder, their axes ap- 

proximately corresponding with 

the sides of the vesical trigone 

: > and embracing the retroureteric 

COS fegs oad saccobtions of amar’ CON fossa, which part of the bladder- 

wall, when distended, may pro- 

ject between and even displace laterally the seminal ducts and vesicles. In passing 

from the slightly expanded bladder onto the rectum, the peritoneum covers the 

upper fourth of the seminal vesicles and the adjoining part of the ampulla, The 


1 Pallin: Archiv f. Anat. u. Entwick., 1901. 
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extent of this investment, however, varies with the depth of the recto-vesical pouch, 
which in turn depends upon the degree of distention of the bounding organs, the 


bladder and the rectum. 


Structure.—In their general make-up the seminal vesicles closely resemble the 
ampullz, possessing a robust muscular wall composed of an inner circular and an 


Fic. 1667. 


b\/b 


Diagram showing course of main canal in preceding preparation: 


outer longitudinal layer of involun- 
tary muscle. The mucous mem- 
brane is conspicuously modelled 
by numerous ridges and pits, so 
that the free surface appears 
honey-combed (Fig. 1668). The 
epithelial covering consists of a 
single or imperfect double layer 
of low columnar cells, many of 
which present changes indicating 
secretory activity. Although true 
glands are wanting within the 
seminal vesicles, the minute di- 
verticula within the epithelium 
containing goblet-cells may be re- 


a, ampulla; c, seminal vesicle; 4, ejaculatory duct. ( alin.) garded as concerned in producing 


the peculiar fluid found within 


these sacs, which is of importance probably not only in diluting the secretion of the 
testicle and supplying a medium favorable for the motility of the spermatic fila- 
ments, but also in completing the volume of fluid necessary for efficient ejaculation 


(Waldeyer ). 


Vessels of the Seminal Ducts and Vesicles.—The artcrics supplying the 
spermatic duct are derived chiefly from the deferential, a vessel of small size but long 


course that arises either directly 
from the internal iliac or from its 
vesical branches. On reaching the 
duct, just above the ampulla, the 
artery divides into a smaller de- 
scending and a larger ascending 
division. The former, in conjunc- 
tion with accessory twigs from the 
middle hemorrhoidal and the in- 
ferior vesical arteries, gencrously 
provides for the ampulla, and_ the 
latter accompanies and supplies the 
vas deferens throughout its long 
course, finally, in the vicinity of the 
testicle, anastomosing with branches 
from the spermatic, —a communica- 
tion of importance for collateral cir- 
culation. The twigs passing to the 
spermatic duct enter its wall and 
break up into capillary net-works 
within the muscular and) mucous 
layers. The rich arterial supply for 
the seminal vesicle includes anterior 
and upper and lower branches, con- 
tributed by the deferential, the in- 
ferior vesical, and the superior and 
middle hemorrhoidal arteries. The 
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minute distribution is effected by capillary net-works to the muscular and mucous 


coats, 


The veins that follow the spermatic duct as the defercatial plexus, and within 
the spermatic cord communicate with the pampiniiorm plexus, increase in. size and 


Slpkectal ge (page 1692) will usu 
aevesioee vesiculitis, in which condition, as 
of yesiculitis, there are apt to be pains referred to the loins, 
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parietal layer of the tunica vaginalis and the infundibuliform fascia, extending upward 
into the spermatic cord. 

Vessels.—The arteries supplying the scrotum, —as distinguished from those des- 
tined for the spermatic cord and the sexual gland and associated structures, —although 
of small size, are derived from different sources. Those distributed to the front and 
sides are the anterior scrotal branches from the deep external pudics, supplemented 
above by twigs from the superficial external pudics. The back of the scrotum and the 
septum are supplied by the posterior scrotal arteries, superficial branches from the 
internal pudics. Free communication exists not only between the vessels of the two 
sides across the mid-line, but also between the anterior and posterior branches at the 
sides. The scrotal arteries anastomose with twigs from the obturator and internal 
circumflex, as well as with those from the cremasteric artery. 

The ves, numerous and plexiform in arrangement, form trunks that follow the 
general course of the chief arteries, becoming tributary to the external saphenous or 
the femoral and the internal pudic veins. They anastomose freely with the adjoining 
venous paths of the penis, perineum, and pubic region. 


Fic. 1672. 
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Section across formalin-hardened scrotum, showing lower end of spermatic cords and testes in section. 


The /vmphatics of the scrotum are very numerous and form a superior and an 
inferior group of vessels, all of which lead to the median group of superficial inguinal 
lymph-nodes. — Frequent communications occur with those of the penis and perineum, 
but only sparingly with the deep lymph-tracts within the spermatic cords. 

The nerves supplying the scrotum are derived from both the lumbar and sacral 
plexuses. Those from the former source are distributed to the front and sides of the 
scrotum and include cutaneous twigs from the yenital branch of the genito-crurl 
nerve, usually reinforced by twigs from the ilio-inguinal that end in the integument in 
the vicinity of the root of the scrotum. Those from the sacral plexus supply the 
posterior surface of the scrotum and are from the perineal or inferior pudendal 
branches of the small sciatic nerves and the anterior or external superficial perineal 
branches of the pudic nerves. Sympathetic fibres accompany the cutaneous nerves 
for the dartos muscle. 


PRACTICAL CONSIDERATIONS: THE SCROTUM. 


The scrotum, from a practical stand-point, may be studied as if composed of 
two layers, an ev/ernal, made up of the skin and dartos, and an internal, consisting 
of the three coverings—fascial, muscular, and aponeurotic—derived from the abdomi- 
nal wall, the infundibuliform, cremasteric, and intercolumnar. 

As the testes are safer from injury ina loose pouch, in which they can readily 
glide away from threatened trauma, the scrotum is redundant (more so on the left 
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upper expanding into a pyriform mass of erectile tissue, the urethral bulb ( bulbus 
urethrae), and the lower broadening into a conical cap of erectile tissue that covers the 
ends of the corpora cavernosa and contributes the bulk of the glans. With the 
exception of the bulb, the major part of which lies behind the canal, the corpus spon- 
giosum is traversed by the urethra, the cavernous tissue completely surrounding the 
urinary tube. The bulb, attached by its upper surface to the inferior layer of the 
triangular ligament and covered below by the bulbo-cavernosus muscle, presents a 
slight median furrow (sulcus bulbi) that suggests a division into the so-called Aemz- 
spheres. Internally an imperfect median septum bulb partially subdivides the erectile 
tissue below and behind. 

The glans penis consists almost entirely of erectile tissue (corpus cavernosum 
glandis) directly continuous with that of the spongy body. Its upper surface is 
hollowed out to receive the pointed extremities of the corpora cavernosa, so that a 
section across the upper part of the glans shows the erectile tissue of the cavernous 
bodies surrounded by an overhanging crescent of the cavernous tissue of the glans 
(Fig. 1674, C). Along the frenum the fibrous envelope of the glans is prolonged 
inward towards the urethra as a fibro-elastic band (ligamentum medianum glandis) 
which, in conjunction with a similar band connecting the ends of the cavernous bodies 
with the upper urethral wall, forms a median partition, the sepium glandis, that in- 

completely divides the erectile 
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tissue of the glans and sur- 
rounds the terminal part of the 
urethra. 

The penile portion of the 
urethra is described with the 
other parts of the urinary tract 
in the male (page 1923). 

Beneath the skin and sub- 
cutaneous tissue the cylinders 
of erectile tissue, enclosed and 


united by their albuginea, are 
enveloped by the superficial 
fascia (Fig. 1674, F). The 
latter, directly continuous with 
that of the perineum (Colles 
fascia) behind and of the ab- 
domen (Scarpa’s fascia) above, invests the penis as far as the neck, where it becomes 
blended with the prepuce. This fibro-clastic sheath is often called the fascia penis. 

In addition to the attachment of the crura of the corpora cavernosa to the peri- 
osteum of the pubic arch and of the bulb of the spongy body to the triangular liga- 
ment, the penis is supported by fibrous bands that extend from the abdominal wall 
and pubes to the dorsum penis. This triangular sheet, the sespensory ligament, in- 
cludes a superficial and a deeper portion. ‘The former (ligamentum fundiforme penis) 
begins at the linea alba, from 4-5 cm. (14-2 in.) above the symphysis, and consists 
of elastic bundles prolonged from the deep layer of the superficial fascia downward to 
the dorsum of the penis (Fig. 1671) at the so-called angle, where it divides into two 
arms that embrace the penis and, after uniting on the urethral surface, are continued 
into the septum scroti. The deeper portion (ligamentum suspensorium penis ) contains 
compact fibrous bands that pass from the symphysis to the corpora cavernosa, just in 
advance of their separation into the diverging crura, to blend with the dense albuginea. 

Structure.—Each of the component cylinders of erectile tissue is enclosed in a 
robust sheath, the Aarica albuginea, composed of dense white fibrous tissue, inter- 
mingled with relatively few clastic fibres and no muscle. The sheath surrounding the 
corpora cavernosa, which in places attains a thickness of 2mm. and is much stronger 
than that enclosing the spongy body, is imperfect along the opposed median surfaces 
of the two evlinders, where it forms the pectiniform septum. 

From the inner surface of the tunica albuginea septa and trabeculz are given off 
which constitute the framework supporting the vessels and nerves and enclosing the 
characteristic blood-spaces of the erectile tissue. Numerous bundles of rave/untary 
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THE PENIS. 


muscle, circularly, longitudinally, and obliquely disposed, oc the connective 
trabeculz and plates separatin the eno acu around whch they lorm imp 
layers of contractile tissue. trabecular muscle is most yped th 
ernous and spongy bodies and least so within the glans. oe 
The arteries conveying blood to the cylinders of erectile tissue are of two kinds, 


—those nourishing the tissues themselves (vasa mutritia) and carrying blood to, 
the venous lacune, ‘The latter are connected with the arteries either « by 
minute channels or through intervening capillaries. Within the trabecule of | 
deeper parts of the erectile masses the deep arteries of the penis give off short, tortuous 
branches (arterie helicine), about 2 mm. in length, that project into the blood-spaces 
with which they directly communicate by minute openings st their ends. Notwith- 
standing their exceptional development in man, the fact that the helicine arteries are 
wanting in many mammals shows that they are not essential, although advantageous, 
for erection. The arteries of the erectile tissue are distinguished by the unusual thick- 
ness of the circular muscle within their walls. In the intima likewise exhibits 
excessive thickness, Since the increase is not uni but local, it leads to the pro- 
duction of cushion- 
like elevations that Fic, 1677, 
encroach upon and A 
even tem) ly ac- 
clude the lumen of the 
arteries. 

The dlood-spaces 
or /acune that occupy 
the interstices between 
the trabeculae are to 
be regarded as venous 
net-works which com- 
municate with the ar- 
teries, on the one 
hand, and with the 
radicles forming the 
veins, on the other. 
Their form and size g,, 
evidently depend 
upon the degree of 
distention, when con- 
taining little blood the 
spaces being often 
mere slits or irr 
larly stellate clefts 
while when filled the eat 
a Se ad Transverse section of penis of child. % 10. 
drical in form. In a general way three districts may be distinguished: (a) a narrow 
outer peripheral zone of almost capillary spaces, for the most part narrow and trian~ 
gular in outline ; (4) an inner peripheral zone of larger spaces of uncertain form and 
from .15-.20 mm. in diameter ; and (¢) a central zone of still more extensive spaces, 
which in places attain a diameter of one or more millimetres and are enclosed by rela- 
tively thin intervening lamellae and trabeculae. Since their expansion is usually 
greater in one direction, the general form of the larger and deeper lacunz is often ap- 
proximately cylindrical. Within the corpus spongiosum in the immediate vicinity of 
the urethra the blood-spaces are somewhat concentrically disposed owing to the feeble 
development of the radial lamella (Eberth), The spongy body is er distin- 
guished by the robustness of its trabeculz: and the consequent reduction in the size of 
the blood-spaces. Beyond the single layer of endothelial plates, the lacunze do not 
possess a distinct wall other than the fibro-muscular tissue of the surrounding trabeculz, 

The deep veins draining the cylinders of erectile tissue do not directly open into 
the blood-spaces, but are formed by tributaries of various size that begin as apertures 
in the walls of the lacuna, of which they are in fact extensions, The tributaries of the 
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vein, or emerge from their under surface along the urethral groove and wind around 
the body ofthe pens to reach the collecting’ trunk on 2 rior | 

these circumflex veins taking up tributaries from the 
Within the posterior part of the cavernous bodies are formed 





penis, which emerge where the crura diverge and, after establishing « 
with the Serabaihe paste seeks become important tributaries of the internal pecraoar 
that accompany the corresponding arteries. The corpus spongiosum is. caedby 


anterior branches that convey the to the dorsal wen By joing jaa a Bs 
or other veins of backhand an} emeypac by posterior stems (vv. epee ara 
pass upward and pee hth gee hyd bee gn partly into 
the internal pudic veins, the veins from the urethral bulb having a similar destination, 
Numerous anastomoses between the cutaneous veins and those the erectile tissue 
establish free communication between the superficial and a vessels. 

The are numerous and disposed as superficial and deep vessels. The 
former are tributary chiefly to a superficial dorsal stem that accompanies the cor- 
responding vein and begins by the confluence of plexiform lymphatics within the 
integument of the prepuce and frenum, During its course the dorsal trunk receives 
lymphatics from the adjacent territory as well as others from the under surface that 
co the dorsum by following the circumflex veins around the body of the 

the 2 Nee the superficial dorsal lymph-trunk passes either to the right. or left, or, 
when double, as it occasionally is, to both or even opposite sides, and joins the 
median group of superficial inguinal lymph-nodes. Direct communications with the 
deep subinguinal nodes sometimes exist (Kiittner). The deeper lymphatics are 
particularly numerous in the periphery of the glans, around the meatus communi- 
cating with the urethral and preputial plexuses. Trunks are formed which 
the retroglandular sulcus and unite into a deep dorsal bp tae sometimes disable, 
that accompanies the corresponding vein beneath the a and terminates, when 
single, in the median inguinal nodes of the left side (Marchant). 

The nerves of the penis include both spinal and sympathetic fibres, the former 
iw the ilio-inguinal and the Le te, nerves, and the latter from the 

lexus. The integument around the root of the penis is supplied by the cutaneous 

ches of the ilio-inguinal and the inferior pudendal nerves, while that of the body 

and the eee is provided with the cutaneous branches of the dorsal nerves. The 
cylinders of cavernous tissue also receive twigs from the pudic nerves, the bulbar 
branches of which pass to the bulbus reli and in nition supply the mucous 
membrane of the urethra. Each corpus cavernosum receives a deep branch from 
dorsal nerve which is given off as the latter lies between the layers of the triangular 
ligament, The sympathetic fibres destined for the blood-vessels and muscle of the 
erectile tissue are continued from the hypogastric plexus through the prostatic plexus 
to the plexus cavernosus, where, joining the dorsal nerves of the penis, twigs (nervi 
cavernosi penis minores) are sent to the posterior part and the crura of the 
cavernosa, while others (neryi cavernosi penis majores) are distributed to the lower 

rtions of the erectile masses, some fibres terminating within the spongy body. 

lose net-works of non-medullated fibres have been traced within the bundles of invol- 
untary muscle of the blood-vessels and trabeculae of the erectile tissue, Certain 
cerebro-spinal fibres (nervi erigentes) supposed to be especially concerned in erection 
i conveyed, in company with the sympathetic fibres, along the paths of the cavernous 
plexus. 

In addition to a generous supply of the more usual nerye-terminations, the skin 
of the glans and the prepuce is provided with special nerve-endings,—the tactile 
bodies and the genital corpuscles of Krause (page 1017) lying within the papillz and 
the Pacinian corpuscles within the subcutaneous stratum. The paths of the sensory 
impressions lie within the dorsal nerves. 
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warts) ; (4).as a result of obstruction to the flow of urine and the  strain- 
ing, vesical irritability, dilatation of the bladder, ureters, and kidneys, hemorrhoids, 
and hernia (62 per cent. of cases of congenital phimosis) ee eal gcuoneiae 
son) ; (¢) asa result of nerve irritation (the region having an unusually rich nerve- 
supply), spastic som ao joint pains and muscular spasm (smnianed coxalgia), 
or even general convulsi 

These com pleating are most apt to occur in infants and very young children, 
and their arene? has been exaggerated. 

As a result of phimosis, even when the preputial orifice is ample, there may be 
a contracted or ‘‘pin-point’' meatus, which may rise to the same train of symp- 

- toms and will require to be divided (meatotomy) by a linear incision directed towards 
the frenum, and kept open during the process of 

Circumcision, whether done for phimosis or to meet other indications, i 
for its successful performance attention to the following anatomical points: (a) the 
laxity of the skin, permitting it easily to be drawn so far in front of the glans that 
when it is severed at that point so much may be removed that the remainder retracts, 
quite to the root of the organ, which is left Nenuaehe (4) the close attachment of the 
inner or mucous layer of the prepuce to the corona, so that the heness of the portion 
of that layer that is allowed to remain will determine the distance of the operative 
scar (at the muco-cutaneous junction) from the meatus ; if this stump is not exces- 
sive, it will thus effectually prevent the mortifying but not infrequent accident of re- 
formation of a phimosis after a circumcision ; (¢) the loose, aan cellular tissue 
and rich vascular supply in the frenal region, which, together with the dependent 
position of the part, may determine an excess of exudate that will result in an objec- 
tionable fibrous mass in that region if full haemostasis is not secured or if any redun- 
dant tissue is left there. 

When a relatively small preputial orifice is drawn behind the corona i it causes 
marked constriction at that point, especially if it is not only small but also inelastic as 
a result of chronic inflammation. _ If the constriction remains unrelieved, paraphimo- 
sis results ; the glans becomes distinctly enlarged, increasing the constriction, pe ieee 
in color, and glossy. It is often partially concealed by a thick collar of shiny, cedem: 
atous skin, behind which there is a deep, excoriated sulcus, and back of this sulcus 
there-is usually a second cedematous band less marked than the one lying immediately 
behind the coronary sulcus. The penis seems to haye a distinct upward kink or bend 
just behind the glans. This appearance is due to the deep notch caused by the 
east of the retroverted orifice of the prepuce and to the cedematous swelling 

ich is particularly marked about the position of the frenum, In some cases, where 
the tense, inelastic edge of the orifice exerts a more than usual amount of constriction, 
circulation is markedly interfered with, and ulceration and even sloughing involving 
both the foreskin and the head of the penis may take place. This complication would 
undoubtedly be more frequent were it not for the rich blood-supply to the glans 
and the anastomosis between its vessels and those of the corpora cavernosa. The 
ulceration usually involves the foreskin only. 
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furrow between the two cavernous bodies. Phlebitis occasions much more marked 
cedema. 


ithelioma of the penis is not uncommon, STR phan shat oe a 
ead iceasion: It involves ultimately both the inguinal and the deep pelvic nodes. 
eae wrens berets ired for the relief of malignant dis- 
ease. following description (Treves) should be studied in connection with the 
anatomy of the penis and of the urethra, The capes ah core in the lithotomy = i 
tion, and the skin of the scrotum is incised along the length of the raphe. With 
the finger and the handle of the scalpel the halves of the scrotum are separated down 
to the corpus spongiosum. A full-sized metal catheter is passed as far as the trian- 
gular ligament, and a knife is inserted transversely between the corpora cavernosa and 
the corpus spongiosum. The catheter is withdrawn, the urethra is cut across, and 
its deep end ts detached from the penis back to the peangone ament. An incision 
is made around the root of the penis continuous with in the median line, The 
suspensory ligament is divided and the penis is separated, except at the attachment 
to the crus. The knife is then laid aside, and with astout periosteal elevator or rugine 
each crus is detached from the pubic arch. The two arteries of the corpora cavernosa 
and the two dorsal arteries require ligature, The urethra and corpus spongiosum are 
split up for about half an inch, and the edges of the cut are stitched to the back part 
of the incision in the scrotum. The scrotal incision is closed by sutures, and if drain- 
age is used, the tube is so placed in the deep part of the wound that its end can be 
brought out in front and behind. No catheter is retained in the urethra. 


THE PROSTATE GLAND. 


Although developed as an appen of the urinary tract, and not directly as 
part of the sexual apparatus, the prostate is functionally so closely related to the gen- 
erative organs that it may appropriately be regarded as one of the accessory glands, the 
others being the glands of Cowper, 

The prostate is complex in both its make-up and relations, being partly glandu- 
lar and partly muscular and traversed by the urethra and the ejaculatory ont In 

eneral form it resembles an inverted 

panish chestnut, having the base Fic. 1679. 
applied to the under surface of the 
bladder and the small end, or apex, 
directed downward. Additional an- 
terior, lateral, and posterior surfaces 
are ized. Grayish red in 
color and of firm consistence, the 
adult prostate varies considerably 
within physiological limits in size 
and weight. The former includes a Curatethes 
length, oon apex to base, of from \' 
2.5-3-5 cm. (1 to 134 in. ), a breadth 
or transverse diameter of from 3.5- 
4.5 cm. (134-134 in.), and a thick- 
ness of from 2-2.5 cm. (4-1 in.), 
Its average weight is about 22 gm. 
(34 0z,). Marked increase in size 
obj a is common in elderly ing prostates valle a cial eae oon 

The oblique upper surface or 
éase (basis prostatae, facies vesicalis) is applied to the under surface of the bladder, 
with which it is inseparably blended by muscular tissue surrounding the urethral ori- 
fice, and is pierced by the urethra usually slightly in advance of the middle. The 
base is outlined by free rounded borders, so that its limits are separated from the 
vesical wall by a groove. The posterior surface (facies posterior), directed backward 
and towards the rectum, is defined laterally by prominent rounded borders that 
extend from the base to the apex and enclose a flattened cordiform or triangular area 








THE PROSTATE GLAND. 1977 


ye 3 to the lower ee of the bsesaiges few Src 2 vesical trigone. 
, its apex rests uy superior layer o' Appi it, surrou! 
by fibres che tha edhe ec urethrze muscle that constitute the external vesical 
Hpi (page 1925). /2 front, the rounded anterior surface is directed towards 
pubic symphysis, from which it is separated by an intervening wedge-shaped 
space occupied by loose areolar tissue containing part of pach Nera plexus of veins 
and fat. e pubo-prostatic ligaments (the continuations of the arcus tendineus of 
the two sides) stretch between the s' ysis and the prostate and contain muscular 
tissue prolonged from the latter and the bladder. Aé the sides, the prostate is embraced 
by the levator ani muscles, the prostatic venous plexuses, embedded within the 
reflections of the pelvic fascia that here constitute the capsule of the gland, inter- 
vening. Behind, the prostate is in relation with the ampulla of the vasa deferentia 
and the seminal vesicles above and with the lower part of the rectum below, separated 
from the latter by the dense capsule and the overlying layer of areolar tissue. The 
position of the prostate is not constant, since it is affected by movements of the vesi- 
cal wall, with which the prostate is intimately united, incident to marked distention 
and contraction of 
the bladder. Onthe Wiaafhes 
other hand, the at- 
tachments of the Terminal duct opening into alveoli 
prostate to thetrian- 
ligament and 
pelvie fascia indi- 
rectly confer upon 
the lower segmentof 
the bladder its most 
efficient means ° of 
fixation. The pros- 
tate is further influ- 
enced by changes in 
the anterior wall of 
the rectum, under- 
going compression 
and displacement 
forward when the 
bowel is distended. 
Structure. — 
The prostate is a 
gland of the tubo- = 
alveolar type and is Portion of cross-section of prostate gland. % 75. 
made up of three 
chief components,—the connective-tissue framework, involuntary muscle, and the glan- 
dular tissue. Of these the latter constitutes usually a little more than one-half of the 
entire organ, and the connective tissue and muscle each somewhat less than one-quarter, 
The connective-tissue framework consists of an external investing fibro-elastic en- 
velope, the capsule proper, and a median sepium, which encloses and blends with the 
walls of the urethra. Between these denser lamella numerous partitions radiate and 
subdivide the organ into from thirty to forty pyramidal lobules occupied by the glandu- 
lar tissue. The involuntary muscle, eating within the capsule and ramifications 
of the connective-tissue framework, surrounds the gland-substance as a superficial 
layer from which a median septum, about 2 mm. in width, extends yentro-dorsally, 
enclosing the urethra in an annular thickening. In consequence, the interior of the 
prostate is occupied by a dense fibro-muscular uc/eus, in which the glandular tissue 
is represented by only the narrow prostatic ducts passing towards the urethra. The 
muscle is not limited, however, to the foregoing positions, but extends also between 
the ultimate divisions of the gland-tissue, the interalveolar septa in places consisting 
largely of the variously disposed muscle-bundles. 
The glandular tissue consists of twenty or more distinct tube-systems, each 
drained by an independent duct that opens into the urethra in the groove on either side 
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For a time the latter are arranged as two separate lobes, but become 
consolidated by the capsule and broken up by the invasion of the fibro-muscular 
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the prostate usually undergoes increase in size,—an augmentation resulting in 
pathological conditions. 


Variations.—A from abnormalities in size, the prostate is to few variations. 
Among the latter iiave bax persistence of the independence of foe lates doles, 
sence of the middle and the presence of a fourth lobe. Variations in the relations and mode 
of ending of the ejaculatory ducts (fusion intoa single canal or termination in the prostatic utricle 
pag tee em ad the crest) or in_the prostatic utricle ( enlarged size, or un- 
opening) are properly referred to deviations in the development of the generative tract. 
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The prostate gland is a portion of the male generative system. The 
utricle, or sinus pocularis, is the homologue of the sinus genitalis in the female, the 
uterine and vaginal cavities,—since it represents the Seeks. part of the fused Miil- 
lerian ducts (page 2039). Alhough the prostate and the uterus cannot be regarded 
as homologous organs, they are similar in structure, and would be strikingly alike | 
if the tubular glands found in the inner walls of the uterus were prolo! into its | 
muscular substance. 

During infancy and childhood the prostate is still immature ; at puberty it enlarges 
coincidently with the enlargement of the testicles. In eunuchs and after castration in 
man and fe eee it is atrophied, Geos seminal vesicles a carne: per to 
it and the ej tory ducts penetrate it 1955). Its size an jon of struc- 
ture in animals rise and fall with the qoending Je (Hunter, Owen, Griffiths). 
These facts sufficiently demonstrate the essential relation of the prostate to the gen- 
erative system. It, however, affords passage to the prostatic urethra, its unstriped 
muscle-fibres are continuous with the vesical muscle at the trigonum and with the 
circular fibres of the bladder, and both the anatomical and subjective effects of the 
more common pathological changes in the prostate are observed in relation to the 
urinary system, with which, therefore, it is most intimately associated. 

/njuries of the prostate are rare on account of its protected position, and usually 
involye also the rectum or the bladder. Hemorrhage from the prostato-vesical 
plexus may be dangerous in amount; and if a wound extend upward into the neck 
of the bladder, that organ may become distended with blood and forma tense, globu- 
lar hypogastric tumor. Infiltration of urine following a prostatic wound may, in 
accordance with the situation of the latter, reach the hypogastrium from the pre- 
vesical space, the ischio-rectal region or the perineum from coincident division of 
the fascia of Colles, or the recto-yesical space and the pelvis from similar division of 
the recto-vesical fascia. 

Disease of the prostate, if infectious, is usually gonorrhceal in origin. It is often 
due to the use of unclean urethral or vesical instruments. It tends to suppuration 
‘on account of the very imperfect drainage of the products of infammation from the 
numerous follicles. 





————— 
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Prostatitis is attended by (@) much swelling, owing to the vascularity and 
spongy structure of the gland. As the forward enlargement of the prostate 1s pre- 
vented by the resistance of the dense pubo-prostatic ligaments, the subpubic liga- 
ment, and the firm superior layer of the triangular ligament, the swelling is greatest 

. in the posterior two-thirds of the gland. Its downward extension is evidenced by 
(6) a sense of weight and uneasiness in the perineum and (c) rectal irritation and 
tenesmus. Its upward and backward spread is shown by (d@ ) interference with mic- 
turition, due to compression of the prostatic urethra and clevation of the vesical out- 
let. The symptoms of (¢) painful and frequent micturition and (/) vesical tenesmus 
are due in part to the mechanical obstruction, but chiefly to the extension of the 
inflammation to the trigonal region and to the obstruction by pressure of the pros- 
tatic venous plexus into which the vesical plexus empties, causing intense conges- 
tion of the vesical mucosa. The unyielding character of the prostatic sheath produces 
(g) the heavy, throbbing pain felt in the infrapubic, perineal, and rectal regions, and 
results in such tension that (4) referred pains are very common, and, on account of 
the derivation of the nerve-supply of the prostate from the lower three dorsal and 
upper three sacral segments, are apt to be widely distributed, as, ¢.g., pain over the 
tip of the last rib (tenth dorsal nerve), over the posterior iliac spine (eleventh dorsal 
nerve), or even in the soles of the feet (third sacral nerve) (Treves); reflex irrita- 
tion of the inferior hemorrhoidal nerve may cause intense pruritus ani,—sometimes 
avery annoying symptom. 

Prostatic abscess usually takes the direction of least resistance and opens into 
the urethra. Its progress towards the pelvis is resisted by the dense investment 
contributed by the pelvic fascia; towards the perineum, by the superior layer of the 
triangular ligament. It sometimes points towards the rectum, from which it is sepa- 
rated by a thinner and less resistant layer of the pelvic fascia, and may then open 
directly into the rectum, or be guided by it to the perineum. 

Hypertrophy of the prostate to some degree occurs in about one-third of all 
males who have passed middle life, and in about one-tenth of all males over fifty-five 
the enlargement becomes of pathological importance. Its cause is unknown. 
Various theories having a more or less direct bearing upon its anatomical and physio- 
logical characteristics have been advanced to explain its occurrence, but none has 
been demonstrated. It has been attributed to (a2) the general arterio-sclerosis of old 
age (Guyon): (4) a primary change in the bladder necessitating a compensatory 
hypertrophy of the prostate (Harrison): (¢) a growth analogous to uterine fibro- 
myoma (Thompson); (¢) the persistence, in an adjunct sexual organ, of physiological 
activity intended for the control and determination of the masculine characteristics 
after the need for such activity had disappeared (Ww hite); (¢) an attempt to com- 
pensate quantitatively for a qualitative deterioration in the prostatic secretion, whose 
function (Fiirbringer) is to facilitate the mobility and vitality of the spermatozoa 
(Rovsing); and, recently, (_/) infection (most often by the gonococcus), aggravating 
a senile degenerative process (Crandon ). 

The enlargement may affect chiefly any of the separate components of the pros- 
tate, and may thus be adenomatous, myomatous, or fibrous in its character, although 
usually the glandular element predominates. It may involve particularly the lateral 
lobes, or may affect almost exclusively the so-called median portion placed at the 
lower posterior part of the gland, between the ejaculatory ducts. This portion is 
directly beneath the vesical neck. 

The degree of hypertrophy is extremely variable, the prostate being increased 
from its normal weight of between four and six drachms to a weight of many ounces, 
and, of course, correspondingly increased in size. 

It is not possible here to do more than call attention to these varieties of hyper- 
trophy, but its usual and general effects may be considered with reference to their 
anatomical causation. 

1. The direction of greatest resistance to enlargement is forward (z1de supra) 
and next downward (towards the rectum). Hence the growth usually takes place 
in an upward and backward direction, although the resistance offered by the recto- 
vesical layer of fascia does not prevent marked extension in that direction in many 
cases. As a direct result of this enlargement there follow : (a) compression, flatten- 
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a (a) i Soran pt es which the enlarged prostate offers to the ready 
lete evacuation of its contents, (ae ‘the circulatory disturbance incident to 
qhaceron te ic veins into which the blood from the vesical veins passes, 
and (¢) ic i 

Non tonic or the ‘narrowing or deflection of the urethra, the elevation of the 
vesical outlet, and the formation of the post-prostatic pouch, the bladder is not 
So tase oer opener a certain amount of residual urine remain- 

ind. This may grad increase as the obstruction becomes more marked, 
cititiately ‘causing’ dilatation the bladder, with consequent on partial de- 
etal coal of its muscular or, in consequence of the more vigorous bladder 

contraction required to empty the bladder, the trabeculee may become enormously 

hypertrophied, the inner layers forming pronounced ridges. These by their con- 
traction exert a powerful pressure upon ntia Vie vesical contents, which, + 
slowly, transmit the pressure in all directions and occasion bulgings or sa 
in such weak parts of the bladder-walls as are che ie aenen by muscular bands or 
by strong investing fascia, The Aypertrophy and saccudation are further 
by the vesical irritability incident to venous congestion at the neck of the 
which, as the prostatic veins become more obstructed, keeps up a condition of passive 
hyperemia and erethism more potent than residual urine alone to occasion 
quently recurring desire to urinate and the muscular spasm of the sphincter at the 
beginning of the act, which calls for such strong and repeated efforts on the part of 
the detrusor muscles. 

Septic infection of a healthy mucous membrane by the pyogenic microbes caus- 
ing acute or chronic cystitis is not possible, even although such bacteria are present 
in the urine; when, however, the vesical mucous membrane is congested in conse- 
quence of obstruction to venous return, and of distention of the viscus and frequently 
recurring contractions of the detrusor muscles, it offers but slight resistance to the 
microbic invasion. The pyogenic microbes are generally carried to the bladder by 
dirty instruments, or, if these are rendered sterile, through failure to cleanse the 
anterior urethra before the instrument is introduced into the bladder. Often itis 
develops independently of the use of instruments, probably as a result of infection 
conveyed by way of the urethral mucous membrane. 

2. The sents symptoms brought about by these conditions may be briefly 
summarized and will be readily understood by reference to the foregoing and to the 
article on the bladder. (a) Frequent urination, due partly to the inability completely 
to empty the bladder, but chiefly to the venous congestion about the trigonum. (6) 
Difficulty in starting urination, due to muscular spasm of the external yesical sphinc- 
ter, which, excited by reflexes from the hyperzsthetic prostatic urethra and neck of 
the bladder, is not fully under the control of the will, , A temporary reflex inhibition 
of the detrusor muscles may also delay the act of urination. (c) Feeble urination, 
due to the weakness, atony, or paresis of the overstretched detrusors. (d@) Juter- 
rupled urination, due usually to 5 odic contraction of the external vesical sphinc- 
ter and compressor urethre muscles, reflexly excited by urethro-cystitis ; occasionally 
the result of intermittent contraction of the detrusors, often (as in many cases of 
cardiac palpitation) a sign of beginning muscular atony. The physiology of micturi- 
tion requires continuous contraction of the detrusor muscles and relaxation of the 
“oe Sor a brief interval only. When there is sufficient obstruction to triple or 
druple the time normally required fully to empty the bladder, the detrusor mus- 

les, exhausted by their effort, may relax, whereupon the sphincter muscles, relieved 
of the vis a fergo, promptly contract, After some seconds or minutes the detrusors 
recover sufficiently to make further efforts at evacuation. (¢) /ncontinence of urine, 
which may always be taken as a symptom of retention with overflow, the intravesical 
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tension of the overfull bladder being sufficient to overcome the resistance offered by 
the tonic contraction of the sphincter muscle plus that due to the prostatic enlarge- 
ment. (/) Complete retention of urine, due éither to an aggravation of the chronic 
congestion of the urethro-vesical mucosa or to the completion of an atrophic process 
which has finally destroyed all power of contraction in the bladder. (g) Referred 
pains, similar to those noted as occurring in acute prostatic swelling (vzde supra). 
(4) Constitutional disturbance, due to septicaemia or uremia, or both. 

Operations.— Prostatotomy.—Incision or puncture of the prostate for the evac- 
uation of an abscess may be made through the rectum or by a median perineal 
incision, The same name is applied to an operation which consists in opening the 
urethra at the apex of the prostate by a median perineal incision, and dividing the 
obstructing portion of the gland by means of a probe-pointed bistoury, cutting from 
within outward. The channel may be further enlarged by divulsion with the finger. 
The anatomy and relations of the parts involved have already been described (page 
1921). 

Of the various operative procedures to which the prostate is subjected, prostatec- 
tomy is, however, by far the most important. Under this name operations have been 
described which consist of the removal of the enlarged median lobe, or of portions of 
one or both lateral lobes, or of the whole prostate, by either perineal or suprapubic 
routes. 

In suprapubic prostatectomy the prostate is approached by means of a supra- 
pubic cystotomy (page 1921). The mucous membrane over the most prominent 
portion of the intravesical protuberance is scratched through and, as a rule, the 
growths or the prostate removed by enucleation with the finger. 

The possibility of total removal of the prostate, and especially of such removal 
without coincident injury or removal of the prostatic urethra and ejaculatory ducts, 
has been vigorously discussed. It has been complicated by confusion as to the struc- 
tures described as the ‘‘ capsule’’ and as the ‘‘sheath.”’ 

The views of Freyer appear at present to explain most satisfactorily the actual 
anatomical conditions found at operation, and are thus summarized by him: The 
prostate is in reality composed of twin organs, which in some of the lower animals 
remain distinct and separate throughout life, as they exist in the human male during 
the first four months of foetal existence. After that period, in the human fcetus, they 
approach each other, and their inner aspects become agglutinated, except along the 
course of the urethra, which they envelop in their embrace. These two glandular 
organs, which constitute the lateral lobes of the prostate, although welded together, 
as it were, to form one mass, remain, so far as their secreting substance and functions 
are concerned, practically as distinct as the testes, their respective gland ducts open- 
ing into the urethra in the depression on either side of the urethral crest. Each of 
these two glandular bodies, or prostates, is enveloped by a thin, strong, fibrous 
capsule ; and it is these capsules—less those portions of them that dip inward, cover- 
ing the opposing aspects of the glandular bodies or lobes, and thus’ disappear from 
‘view, being embedded in the substance of the prostatic mass—that constitute the 
true capsule of the prostate regarded as a whole. This capsule extends over the entire 
organ except along the upper and lower commissures, or bridges of tissue, that unite 
the lateral lobes above and below the urethra, thus filling in the gaps between them. 
This true capsule is intimately connected with the prostatic mass and incapable of 
being removed from it save by dissection. : 

The urethra, accompanied by its surrounding structures,—viz., its longitudinal 
and circular coats of muscles continued forward from the bladder, its vessels and 
nerves, —passes forward and upward between the inner aspects of the two glands or 
lobes and is embraced by them. The ejaculatory ducts enter the prostatic mass close 
together, in an interlobular depression at the lower part of its posterior aspect, each 
coursing along the inner surface of the corresponding lobe. They do not penetrate 
the capsules of the lobes, but pass forward in the interlobular tissue, to open into the 
urethra. 

The prostate, thus constituted and enveloped by its true capsule, is further 
encased in a second capsule or sheath, formed by the visceral division of the pelvic 
fascia, numerous connecting bands passing, however, between the two (Thompson). 
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Between these two capsules, or rather mainly embedded in the outer one, lies the 

ic plexus of veins, most marked in front and on the sides of the prostate. The 

er arteries also lie between the true capsule and the sheath, numerous small 

branches passing from them through the true capsule for the supply of the prostatic 
substance. 


Freyer illustrates his view by imagining the edible portion of an orange composed 
of two casted only, instead of apesal with the septum between them placed 
vertically, and says that the thin, strong, fibrous tissue which covers the segments of 
the orange, and which is intimately connected with the pulp, would then represen 
the frue capsule of the prostate, the two segments or halves of the orange being rep- 
resented Pathe two lobes of the prostate. Further, the rind of the orange oid 
ent the outer capsule or prostatic skeath, contributed by the pelvic fascia, In 
the method of suprapubic prostatectomy now known by his name, it is the true cap- 
sule as above described that is removed, the sheath being left behind, thus pre- 
venting infiltration of urine into the cellular tissues of the pelvis. 4 

In most cases of hypertrophy of the prostate the overgrowth is adenomatous in 
character, numerous encapsuled adenomatous tumors being found embedded within 
the substance of the lobes and frequently protruding on their surfaces. They some- 
times assume the form of polypoid outgrowths, which, however, are invariably en- 
closed within the true capsule, which is pushed before them. 

As the lobes enlarge they bulge out and have a tendency, each enclosed within 
its own capsule, to become more defined and isolated, thus recalling their separate 
existence in early foetal life. They become more loosely attached i their com- 
missures (particularly the upper one), which in the normal prostate unite them 
above and below the urethra. And in the course of this change the urethra, with 
its accompanying structures, is loosened from its close attachment to the inner sur- 
faces of the lobes, thus facilitating its being detached and left behind uninjured in 
the removal of the prostate. 

In the earlier stages of the adenomatous overgrowth the enlargement is a~ 
bly entirely extravesical. Its expansion in this position is, however, limited by the 
pubic arch above, the triangular ligament im front, and the sacrum below. As the 

ment progresses, it advances in the direction of least resistance,—namely, into 
the bladder, The sheath, which at the posterior aspect of the prostate is least de- 
fined, becomes gradually thinner as the enlargement in this direction till 
eventually the prostate has burst through it, and is then merely covered by ie mucous 
membrane of the bladder ( Freyer), 

It has been asserted that what has here been called ‘‘ capsule’ is in the normal 
prostate really only a thin outer non-glandular portion—cortex—containing both 
muscular and fibrous tissue (Shattock), and that the envelope formed from the pros- 
tate by the expansion of adenomata represents more than the ‘‘ cortex’’ and contains 
glandular tissue derived from the stretched and compressed outer portion of the 
prostate ( Wallace). 

However this question may ultimately be settled, the anatomical views set forth 
above explain the separability of the mass of the prostate from (@) the prostatic 
plexus of veins (avoiding hemorrhage), (4) the under surface of the recto-vesical 
fascia (avoiding urinary infiltration), and (c) the prostatic urethra and ejaculatory 
ducts (minimizing interference with micturition and with potency), which separa- 
bility has been shown to be at least occasionally possible during operation. 

Perineal prostatectomy is done, with the patient in the lithotomy position, by 
means of a semilunar incision in front of the anus carried down through the successive 
structures of the urethral perineum until the sheath of the prostate is reached. After 
division of the sheath on either side in a direction parallel with the medial fibres of 
the levator ani, the prostate in its capsule—or portions of it—may be enucleated with 
the finger. The gland may be made more accessible by downward pressure through 
the space of Retzius (by means of a suprapubic incision) or through the bladder 
itself (after a preliminary suprapubic cystotomy). It may be reached by a lateral 
incision half encircling the anus, It should be remembered that it is separated from 
the ischio-rectal fossa only by the levator ani muscle, with the visceral layer of the 
pelvic fascia on its upper and the anal fascia on its lower surface. 
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THE GLANDS OF COWPER. 


Cowper's glands (glandulae bulbourethrales) are two small ovoid bodies situated 
along the under surface of the membranous portion of the urethra (Fig. 1632), one 
on either side of and close to the mid-line. In general form and size (from 5-8 mm. 
in diameter) they resemble a pea, although their contour is irregular and somewhat 
knobbed. Their color is reddish yellow and their consistence firm. They lie within 
the deep perineal interspace between the two layers of the triangular ligament em- 
bedded within the fibres of the compressor urethra muscle. 

The ducts of the glands—about 1.5 mm. in diameter and from 3-4 cm. in 
length—run forward and medially, at first between the bulbus spongiosum and the 
membranous urethra, then within the bulb itself, and, finally, for about 2 cm. be- 
neath the urethral mucous membrane to open by small slit-like orifices on the lower 
wall of the bulbus urethrz near the mid-line. The position of these inconspicuous 
openings is sometimes masked by a fold of mucous membrane or a slight de- 
pression. Quite frequently the two ducts unite and open by a common orifice. 

Structure.—These glands are mucous tubo-alveolar in type, their terminal 
divisions ending, after more or less branching, in irregularly sacculated compart- 
ments. In places the latter communicate by means of a reticulum of connecting 
canals (Braus). The a/veoli are lined with low columnar or pyriform epithelial 
cells, among which mucus-secreting cells are plentiful. The cuboidal epithelium 
that clothes the smaller ducts and the dilatations connected with them gives place to 
clear columnar cells within the larger excretory canals. The divisions of the gland 
are united by interlobular connective tissue and invested in a general fibrous en- 
velope in which a considerable quantity of unstriped muscle occurs. The secretion 
of Cowper’s glands, clear and viscid and of alkaline reaction, is probably of service 
in maintaining favorable conditions for the spermatozoa by neutralizing acidity of 
the urethral canal due to passage of urine (Eberth). In addition to their recognized 
homology with the glands of Bartholin in the female, the observed histological 
changes incident to sexual excitation warrant the grouping of these glands as acces- 
sory sexual organs. 

Vessels.—The arteries supplying Cowper's glands are twigs given off from 
the arteries of the bulb as they course between the two layers of the triangular liga- 
ment. The veins are tributary to those returning the blood from the bulbus spongi- 
osum which empty into the internal pudic. The /ymphatics are afferents to the 
internal iliac lymph-nodes. 

The nerves are derived from the pudic. 

Development.—The bulbo-urethral glands appear about the end of the third 
month of foetal life as solid outgrowths from the entoblastic lining of the uro- 
genital sinus. With the elongation of the latter incident to the formation of the 
male urethra and the penis (page 2044), the glands assume a lower position and 
their ducts are correspondingly lengthened. During the first ten or twelve years the 
glands undergo only small increase in volume, but between the sixteenth and 
eighteenth years they attain their full size. In aged subjects they atrophy and are 
frequently so small that their recognition is difficult. 


Variations.—In addition to abnormalities in size, the two glands may be fused into a single 
mass, or one or both may be wanting. Sometimes their absence is only apparent, since the 
organs may be represented by rudimentary glands embedded entirely within the substance of 
the corpus spongiosum. 
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THE FEMALE REPRODUCTIVE ORGANS. 


The reproductive organs of the female comprise two groups—the inéernal, situ- 
ated for the most part within the pelvis and above the pelvic floor, and the externad, 
embraced by the subpubic arch and below the triangular ligament and supported by 
attachments to the surrounding bones, fascia, and integument. The internal organs 
are the sexual glands, the ovaries, which produce the ova, the oviducts or Fallopian 
tubes, the canals conveying the sexual cells, the u/evuws, and the vagina, the passage 
which, beginning within the pelvis, embraces the lower end of the uterus above, 
pierces the pelvic floor, and ends below within the external genital cleft. The Fallo- 
pian tubes, uterus, and vagina represent the excretory canals of the sexual glands 
which in the embryo, as the Miillerian ducts, for a time are separate. After fusion 
of their lower segments has taken place, the unpaired tube thus formed becomes the 
vagina and the uterus, the latter being specialized for the reception and retention of 
the fertilized ovum during gestation. 

The external organs, often termed collectively the z/7a (pudendum muliebre), 
include the clitoris, the /abia, and the enclosed vestibule and vaginal orifice and the 
glands of Bartholin. \na general way these parts represent structures homologous 
with the penis and scrotum, but in a less advanced and specialized stage of develop- 
ment. 


THE OVARIES. 


The ovary (ovarium), one on either side of the body, is the sexual gland proper, 
within and from which are developed and liberated the mature maternal sexual cells, 
the ova. It is a solid body, resembling in forma large almond, and in the adult 
lies against or near to the lateral pelvic wall invested by peritoneum continued from 
the posterior surface of the broad ligament of the uterus. Even when mature, the 
organ presents considerable individual variations in size, its average dimensions being 
36mm. (1% in.) in length, 18 mm. (34 in.) in breadth, and 12 mm. ( !4 in.) in thick- 
ness. Variations in size include a length of from 2.5-5 cm. (1-2 in.), a width of 
from 1.5-3 cm. (58-13% in.), and a thickness of from .6-1.5 cm. (%-5% in.), 
according to German authorities. The right ovary is frequently somewhat larger 
than the left. The adult organ weighs about 7 grm. (%{ oz.). After the cessation 
of menstruation, about the forty-fifth year, the ovary decreases in size and weight, in 
old women being reduced to one-half or less of its normal proportions. 

The ovary presents two surfaces—a median (facies medialis), directed inward, 
and a /aferal (facies lateralis), looking outward and in more or less close relation 
with the pelvic wall ; two margins connecting the surfaces—an anterior (margo meso- 
varicus), which is thin, straight, and attached to the posterior surface of the broad 
ligament by a short peritoneal fold or mesovarium, and a fosterior (margo libra), 
which is thicker, rounded, convex, and unattached ; and two poles—an upper (ex- 
tremitas tubaria), rounded, embraced by the oviduct and attached to the suspensory 
ligament of the ovary and usually to the fimbriated extremity of the Fallopian tube, 
and a /ower (extremitas uterina), pointed and attached to the uterus by a fibro- 
muscular band, the utero-ovarian ligament. The portion of the attached anterior 
border through which the vessels and nerves enter and emerge is known as the 
Atlum (hilus ovarii). The surfaces of the mature ovary are not even, as in early 
life, but modelled by rounded elevations of uncertain number and size and by irregu- 
lar pits and scars. The elevations are produced by the underlying Graafian follicles 
in different stages of growth, while the irregular scar-like areas indicate the position 
of corpora lutea of varying age and development. Just behind the attachment of 
the mesovarium and parallel to the hilum, the surfaces of the fresh ovary are crossed 
by a narrow stripe of lighter color, straight or curved and often slightly raised. This 
band, the waite /ine of Farre, marks the transition of the usual peritoneal endothe- 
lium into the cylindrical germinal epithelium that covers the exterior of the organ 
and appears dull and lacking in the lustre characteristic of serous surfaces. 
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Structure.—The ovary consists of two principal parts, the cortex (zona 
parenchymatosa)—a narrow superficial zone, from 2-3 mm. thick, that forms the 
entire periphery of the organ beyond the white line; and the medué/a (zona vascu- 
losa,) that embraces the deeper and more central remaining portion of ee fant 
The cortex alone contains the characteristic Graafian follicles and the ova, the 
on is distinguished by the number and size of the blood-vessels, especially 

ns. 


The cortex, as scen in yertical sections of the functionally active organ, con- 
sists chiefly of the compact ovarian stroma that is composed of peculiar spindle- 
connective tissue-cells, from .015-.030 mm, in length and about on as 

much in width, and fibrillar intercellular substance. The sfroma-celés, which some- 
what resemble the elements of involuntary muscle in appearance, are arranged in 
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fe clos the ae veotun of as 
degenera| icular epi 
lium (gran aoe) and invades 
the hemorrhagic mass. The 
latter is ly absorbed 
until, finally, the encroachi 
projections of lutein cells 
connective tissue meet and the 
cavity of the follicle obliter- « 
ated, its former position being 
subsequently indicated by a 
central core of connective tis- 
sue. se pres of the poe 
losum, the original epi- 
thelial lining of i apt 2 
entirely disappear and take no 
direct font in the formation 
of the corpus luteum, their 
function during the develop- 
ment of the Graafian follicle 
having been to contribute the 
ee folliculi (Schottlaender). 
long with the proliferating 
masses of lutein cells, strands 
of connective tissue are car- mam 
ried inward from the theca, Section of human corpus luteum, 
whereby, after a time, the yel- = 
low body becomes broken up by numerous radially disposed vascular septa and their 
prolongations. With the production of a solid corpus luteum and the absorption of 
the blood (evidences of which latter for a long time remain as hematoidin crystals), 
the active ré/e of the lutein cells is finished. These elements now lose their distinc- 
tive yellow pigment (/ufein), undergo fatty metamorphosis, and finally entirely dis- 
appear. With the subsequent shrinking and decrease in the vascularity of the corpus 
luteum, the connective tissue, which now constitutes the entire mass (corpus fibro- 
sum), ‘undergoes hyaline change, becoming clear and non-fibrillar. In consequence 
the aging corpus luteum loses its former appearance and is transformed into an irreg- 
ular body, light in color and sinuous in outline, sometimes known as the corpus 
albicans (Fig. 1691). This gradually suffers absorption, but remains for a consider- 
able time, especially when associated with pregnancy, as a “conspicuous light corru- 
gated area within the cortex, the last traces of its scar-like tissue finally disappearing 
in the ovarian stroma, The greatly increased vascularity, within the wall of the ripe 
Graafian follicle and later around the corpus luteum, subsides as the yellow body 
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undergoes regression, until all the new vessels concerned in its nutrition have disap- 
peared and the circulation of that particular part of the ovary is permanently reduced. 


The function usually ascribed to the corpus luteum is that of filting the empty follicles and 
thus restoring the equilibrium of circulation and tension. Clark' regards the corpus luteum as 
a preserver of the circulation, since, when performing its functions most perfectly (during the 
earlier years of menstrual life), it effects the elimination of the effete follicle and the superfluous 
blood- vessels without leaving dense and disturbing scars. Later in life, however, when the 
ovarian stroma becomes denser, the corpora lutea are less efficient and are incompletely absorbed, 
their remains impairing the circulation until, finally, the follicles are no longer matured and 
ovulation ceases. 

The origin of the lutein cells has long been a subject of discussion, and even at present 
two opposed views share the support of eminent anatomists. According to the older theory, 
advanced by Baer, these cells are modified connective-tissue elements, derived from the pro- 
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liferation of the cells of the inner layer of the theca folliculi. The other view, formulated by 
Bischoff, regards the lutein cells as modified follicular epithelium. _In the foregoing sketch of 
the corpus luteum, the lutein cells are ascribed to the theca, a conclusion based upon the con- 
vincing observations of Nagel, Rabl, and Clark, and confirmed by the writer’s own studies. 
Sobotta, on the other hand, is most positive in his support of the follicular origin of the lutein 
cells, based upon an exhaustive investigation on the ovaries of the mouse and rabbit. The 
difficulty of obtaining human corpora lutea in the earliest stages places the conclusions as to man 
not beyond challenge. 


Vessels.—The arteries supplying the ovary are four or five branches that arise 
from the anastomosis of the ovarian artery with the ovarian branch of the uterine. 
The trunks (aa. ovarice proprie) yiven off from this anastomotic arch pass to the 
ovary between the layers of the mesovarium and, entering through the hilum as 
closely grouped tortuous vessels, reach the medulla. According to Clark,’ whose 
description is here followed ( Fig. 1692), immediately after gaining the medulla each 
stem divides into two branches, the medullary or parallel arteries, that proceed in a 
direct course towards the opposite free margin of the organ, lying just beneath the 
cortex, to which they distribute cortical branches at regular intervals. In their course 
to the periphery the cortical branches, losing the characteristic corkscrew-like twist- 
ings of the parent stems, supply hundreds of follicular twigs to the egg-sacs, each 
of the latter being provided with a rich vascular net-work anastomosing with two or 
more follicular branches—an arrangement of yreat importance in assuring an adequate 
blood-supply for the growth of the follicle (Clark). At the periphery, the cortical 
arterioles pass into the veins through an intervening capillary net-work. 


' Archiv f. Anat. u. Physiolog., Anat. Abth., 1898. 
7 Welch Anniversary Contributions, 1g00. 
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bundles that extend in all directions (chiefly, however, obliquely vertical to the 
surface) and are seen cut in different planes. Immediately beneath the germinal 
epithelium covering the surface, the stroma-elements are disposed with greater reg: 
ularity and form a compact superficial stratum, the unica albuginea. Embedded 
within the stroma lie the most characteristic components of the cortex, the egg-sacs 
or Graafian follicles. These are seen in different stages of development, but for the 
most part are small, inconspicuous, and immature, in the human ovary being much 
fewer and less prominent than in many other mammals. Corresponding with their 
stages of development the egg-sacs may be divided into primary, growing, and ma- 
turing follicles. In general, the youngest lie nearest the surface, the more advanced 
deeper and towards the 
Fic, 1686. medulla, while those ap- 
proaching maturity ap- 
pear as huge vesicles 
that occupy not only 
the entire thickness of 
the cortex, but often 
produce marked eleva- 
tion of the free surface. 
The medulla, the 
vascular zone of the 
ovary, consists of loosely 
disposed bundles of 
fibro-elastic tissue sup- 
porting the blood-ves- 
sels, lymphatics, and 
nerves. In the mature 
organ, with the excep- 
tion of the encroaching 
ripening Graafian folli- 
cles, egg-sacs are not 
found within the me- 
dulla. The larger ves- 
as sels are accompanied by 
Secon of peal gl ae teriee cameess Moot. Bundles of, involuntary 
muscle prolonged from 
the utero-ovarian ligament through the mesovarium and the hilum into the medulla. 
The veins are particularly large and appear in sections as huge blood-spaces of irregu- 
lar outline in consequence of their tortuosity and plexiform arrangement. 
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Follicles and Ova.—The immature primary follicles (folliculi oophori primarii) are micro- 
scopic in size (from .og-.06 mm. in diameter) and vary greatly in number, in the ovaries of 
young adults forming an incomplete and scattered single or, at most, double layer. Each 
follicle consists of the centrally situated young egg (ovulum) surrounded by a single layer of 
flattened epithelium or mantle cells (Fig. 1685). Immediately outside the latter lies the stroma, 
in the interstices of which the young egg-sacs are lodged. The primary ova are approximately 
spherical and measure from .035-.045 mm. in diameter in ordinary sections, but a third more in 
the fresh unshminken condition (Nagel). They possess a finely granular cytoplasm, a centrally 
placed spherical nucleus, about .016 mm, in diameter, and a nucleolus, The primary ova may 
remain for years, sometimes from early infancy to advanced age, practically unchanged, until 
they undergo cither atrophy, as do most of them, or further growth leading, under favorable 
conditions, to the development of the mature sexual cell. Of the thousands of primary eggs 
contained in the ovaries just before puberty, only comparatively few attain perfection. Sooner 
or later, but at some uncertain time, the primary follicles enclosing ova destined for complete 
development enter upon a period of active growth, the earliest indication of which is the con- 
version of the flat mantle cells of the egg-sac intg a single layer of cuboid epithelium. 

In addition to increasing size, the growing follicles are distinguished by rapid prolifera- 
tion of the cuboid epithelium, which results in the production of a stratified folAcudar epithe 
dium that surrounds the ovum. Outside these polygonal elements the stroma becomes con- 
densed into a connective-tissue envelope or theca (theca folliculi). Increasing in thickness, the 
latter is subsequently differentiated into two layers, an ou¢er (tunica externa), consisting of con- 
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trapezoidal in outline, and measures from 2-2,5 cm. in length and about 1.75 
in width. It consists of from 8-20 narrow wavy canals, which, big ea 
closed and slightly expanded ends, diverge from the vicinity of the hilum of the 
ovary and join, almost at right angles, a common chief duct that lies close and parallel 
to the oviduct and bears to the smaller tubules the relation of the back of a comb to 
its teeth. The transverse tubules (ductuli tramsversi), the remains of the sexual 
tubules of the Wolffian body, may extend as far as the hilum, or, as in the young 
child, even penetrate into the medulla of the ovary and be continuous with the rudi- 
mentary medullary tubes therein found, since the latter, as well as the transverse 
tubules themselves, are vestiges of the same soon structures. The common 
longitudinal canal (ductus epoophori longitudinalis ), d at both ends, is a persistent 
portion of the Wolffian duct. From its embryological relations it is evident that the 
horon is homologous with the epididymis (the transverse tubules corresponding 
to the ductuli efferentes and the coni vasculosi, and the longitudinal duct to the 
canal of the epididymis), since both are direct derivations from the Wolffian tubules 
and duct. In the erect posture, when in its normal position within the mesosalpinx, 
the longitudinal duct is approximately vertical and lies parallel with the Fallopian 
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Broad ligaments, viewed from behind, have been stretched out and pinned, the posterior 
wall of uterus and vagina removed and right oviduct laid open, Ovaries do not occupy their 
normal position, their long axes here being horizontal instead of approximately vertical. 


tube, while the transverse tubules are horizontally disposed. The chief duct may be 
interrupted and connected with the secondary tubules in groups, or, on the other 
hand, it may be prolonged as Gartner’s duct (page 2043) far beyond its usual length, 
In the child, the transverse tubules, from .3—4 mm. in diameter, usually possess a 
lumen throughout their entire length, but later in life the minute canals may undergo 
partial or complete occlusion and may be the seat of cystic dilatations. The walls of 
the tubules and duct consist of a fibrous coat, which sometimes contains bundles 
of involuntary muscle, lined by a single layer of epithelial cells that vary in form from 
low cuboid to columnar, and in places, or occasionally in the adult and frequently in 
the child, bear cilia, The epoophoron is most satisfactorily demonstrated by holding 
the stretched mesosalpinx against the light ; it is more conspicuous in the broad liga- 
ment of the young child on account of its development and the greater transparency 
of the overlying tissues. In common with the sexual organs, the epoophoron increases 
during the years leading to sexual maturity and atrophies in advanced age. During 
pregnancy it is said to be unusually vascular (Merkel). 

Gartner's duct results from the more or less extensive persistence of portions 
of the Wolffian duct that usually disappear by the end of fectal life, and is, therefore, 
a continuation, direct or interrupted, of the longitudinal canal of the epoophoron. 
Although by no means constant and often represented by only a short atrophic 
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ovary. As the tube crosses the medial surface of the latter organ the broad liga- 
ment is drawn over it, so that the ovary lies partly within a peritoneal pocket, the 
éursa ovarit. The anterior border of the ovary is attached to the posterior surface 
of the broad ligament by a short fold, the mesovarium, that encloses the hilum and 
is continued into the modified serous investment that covers the sexual gland. The 
utero-ovarian ligament and the attached border of the ovary unequally divide the 
broad ligament into an upper narrow triangular portion, the mesosalpinx, that 
encloses the tube, and a lower broad part, the mesometrium, that passes medially to 
the sides of the uterus and becomes continuous with the Jertmetrium, as the serous 
investment of that organ is termed. Within the mesosalpinx the connective tissue 
filling the interval between the two serous layers of the broad ligament is very scanty, 
but within the mesometrium this tissue increases to a considerable stratum and con- 
tains numerous strands of smooth muscle prolonged from the uterus. Surrounding 
the uterus, it is known as the pavametrium, and along the attached borders of the 
ligament laterally, and below, becomes continuous with the general subserous layer 
of the pelvis. 

The Round Ligament.—In addition to the Fallopian tube and the ligament of 
the ovary, already described (page 1987), a third band, the round ligament (liga- 
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mentum teres), passes on each side from the upper lateral angle of the uterus. This 
structure, a flattened cord from 12-14 cm. (434-5% in.) long and about .5 cm, 
thick, springs from the side of the uterus, in front and below the entrance of the 
oviduct, and extends (Fig. 1684) between the layers of the broad ligament horizon- 
tally outward to the lateral pelvic wall, which it reaches near the floor. Thence it 
continues its course beneath the peritoneum forward and slightly upward, crosses the 
obliterated hypogastric artery, the pelvic brim, and the external iliac vessels, and, 
hooking around the outer side of the deep epigastric artery, gains the internal ab- 
dominal ring. Passing through the latter and traversing the entire length of the 
inguinal canal, the round ligament emerges from the external abdominal ring and 
ends by breaking up into a number of diverging fibrous bands that become mostly 
lost in the subcutaneous tissue of the labium majus, while a few find attachment to 
the pubic spine. In its median third the round ligament contains robust bundles of 
involuntary muscle prolonged from the superficial layers of the uterus, but beyond 
the muscular tissue disappears, and in its lower part the band consists entirely of fibro- 
elastic tissue. During its passage through the inguinal canal, the ligamentum teres 
is accompanied, along its upper border, by small, short bundles of striped muscle 
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derived from the internal Pras aes transversalis, which y devel | 

cremaster muscle. ing the pelvic wall, the round li 1 f 
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peritoneal diverticulum representing the larger Protas ag pe 
toniei in the male ; usually this disappears, but may persist as a rou 


the canal of Nuck, that accompanies the round ligament for a short distar 
the inguinal canal. In exceptional cases it may extend throughout the entire length 
of the canal into the labium majus. 

The peritoneal relations of the two surfaces of the uterus (Fig. 960) eras 
ferent, the anterior surface being covered with serous membrane only as far as the 
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junction of the body and cervix, from which line the peritoneum passes on to the 
bladder as the wfero-vesical fold and lines the shallow uéero-vestcal pouch (excavatio 
vesicouterina ). Below the reflection of the peritoneum and as far as its attachment to 
the vagina, the anterior surface of the cervix is connected by areolar tissue with the 
era posterior wall of the bladder. As far as the attachment of the vaginal wall, 
the posterior surface of the uterus is covered with peritoneum, which then continues: 
downward for about 2.5 cm. over the upper part of the back wall of the vagina before 
being reflected onto the rectum as the vagino-rectal fold. The latter forms the bot- 
tom of the deep serous pouch of Dougéas ( excavatio rectouterina) that lies between the 
uterus in front and the rectum behind. The lateral boundaries of the opening into 
this pouch are formed by the two crescentic utevo-rectal folds (plicae rectouterina) that 
curve from the hind surface of the cervix backward to the posterior pelvic wall at the 
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Douglas. ee as far as the levator ani muscles, bape and bowel 
are connected b: ie dstae rere ee ae * 4 . 
elcaprcion at ise vic fascia, Further down, where porwr Ae rare ORE J 
the partition ens into a wedge-shaped mass, the perineal body, which on 
sagittal section appears as a triangle with the base below in the perineum (Fig. 1700). 
At the sides the vagina is embraced by, although unattached to, the median (pubo- 
rectal) portion of the levator ani muscles, which, in conjunction with the pelvic tz 
afford efficient support. Below the pelvic floor, the vagina gains additional fixation 
in passing through the triangular ligament with which it is intimately attached, In 
relation with the lower end of the vagina lie the bulbus vestibuli and Bartholin’s 
lands. The triangular interval, on each side, between the levator ani and the pelvic 
eck and the lateral surface of the vagina, is occupied by the veins of the vesico- 





rand pale a horizontal section through peas Be Temaniss passing just below bladder; 


reflections of pelvic fasein are seen exten , vagina, and rectum. 


vaginal plexus that above surrounds the ureter and the vaginal branches of the 
uterine artery. ¥ 

Structure.—The vaginal walls, from 2-3 mm. thick, include a mucous and a 
muscular coat, supplemented externally by an indefinite fibrous tunic. The mucous 
coat consists of a tunica propria, exceptionally rich in elastic fibres and veins, the 
inner surface of which is beset with numerous conical papillz that encroach upon the 
overlying epithelium, but do not motel the free surface, The epithelium, from 
9, 15-0. 20 mm. thick, is stratified squamous in type and possesses a superficial stratum 
of plate-like cells (.020-.030 mm. in diameter) that resemble the epidermal ele- 
ments of the skin and are constantly undergoing maceration and abrasion. Although 
normally moistened by a thin mucous secretion of acid reaction, the vagina is devoid 
of true glands and probably derives its lubricating fluid for the most part from the 
uterine glands, the alkaline secretion becoming modified. Smal! nodules of lymphoid 
tissue are scattered within the mucosa, especially in the upper part of the canal, 
The duplicature of the mucous membrane forming the hymen corresponds in structure 
with that lining other parts of the canal. The muscular coat, which directly sup- 
ports the mucosa without the intervention of a submucous tunic, consists of bundles 
of involuntary muscle that are arranged, although not with precision, as an inner | 
circular and an outer longitudinal layer. The latter is best developed over the 
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more nearly horizontal than vertical in direction. As a result of this position of the 
uterus, it will be seen that the lower surface of the cervix presents against the pos- 
terior vaginal wall, and that. therefore, this wall of the vagina must be longer than 
the anterior. The posterior wall is usually about three and a half inches long ; and 
the anterior about two and a half to three inches. The length of the ordinary finger 
is about three inches ; it can, therefore. reach the anterior fornix of the vagina and 
anterior lip of the cervix. To explore the posterior fornix of the vagina considerable 
pressure is required. To palpate structures in Douglas's cul-de-sac the bimanual 
method of examination will be necessary, and a relaxed abdominal wall, to obtain 
which a general anzesthetic may exceptionally be required. An empty bladder facili- 
tates a bimanual examination. In the knee-chest posture the vagina becomes dis- 
tended with air, permitting a more thorough visual examination of its walls. The 
rectum posteriorly, and the base of the bladder and the urethra anteriorly, are within 
reach of the finger in the vagina. Calculi, either in the lower ends of the ureters 
(vide supra) or in the bladder, can be removed through the anterior vaginal wall 
(page 2015). 

The intravaginal portion of the cervix uteri can, with little or no pain, be grasped 
by a tenaculum and drawn down towards the vaginal orifice so that local applications 
can be made. It is so insensitive that such applications, even when strong and im- 
tating, do not necessitate the use of an anzsthetic. Since it is the part of the cervix 
most exposed to traumatism and infection, it is the most frequent seat of pathological 
lesions, such as the so-called ‘‘erosions.’’ Persistent—z.¢., unhealed—lacerations 
are often sources of irritation, of reflex pains, and of some forms of dysmenortheea. 
Much of the pelvic pain, associated with them, is probably due to pelvic lymphangitis 
or lymphadenitis (Penrose). These lacerations seem to invite the development of 
cancer. Primary involvement of the body of the uterus is comparatively rare, the 
great majority of cancers of the uterus beginning in the cervix. As a result of the 
relations and contiguity of the cervix to surrounding important structures, such as the 
bladder, ureters, and rectum, the prognosis of cancer of the cervix is less favorable 
than that of the body of the uterus, where infiltration of neighboring structures does 
not occur so early. Asa rule, dissemination by lymphatic channels from carcinoma 
of the cervix, affects first the sacral or the iliac glands; carcinoma of the body of the 
uterus is more likely to involve the lumbar glands surrounding the common iliacs, 
the aorta, and the vena cava. Pressure on the last-named vessel may result in 
cedematous swelling of the lower extremities or in ascites. 

An hypertrophied cervix shows as an increased projection into the vagina and a 
deepening of the vaginal fornices. This condition may be a cause of sterility. 

The vagina is most roomy in its upper portion, and is narrowest at its lower 
end, where it passes through the triangular ligament and is surrounded by the con- 
strictor vagina muscle. This favors the retention of blood-clots within the vagina 
during the menstrual period and after labor. Spasmodic contraction of this muscle 
(vaginismus) is described as being sometimes strong enough to prevent coitus and 
to call for surgical treatment, though such cases, if they exist at all, are due to reflex 
irritation, such as from urethral caruncle. The dilatation of the vagina seems to be 
limited only by the pelvic wall. In nullipara the rugosity of its mucous membrane— 
necessitated by its great changes in diameter—is marked. The transverse folds 
favor retention of secretions and of discharges resulting from infection and render 
sterilization of the vagina difficult. Vaginitis may be followed by endometritis, as 
the uterine and vaginal mucosz are directly continuous. 

The hymen rarely may have no opening, when it will require incision to relieve 
the obstructed first menstrual flow. The exact importance to be attached to the 
presence or absence of the hymen in medical jurisprudence is still undetermined. 
While it is usually broken at the first coitus, it may remain intact until the first 
parturition, Therefore its presence does not prove virginity. Its original perfora- 
tion may have been large enough to leave little or no evidence of the membrane, 
go that its absence does not prove that coitus has taken place. 

Fistule between the bladder and vagina (vesico-vaginal), between the urethra 
and vagina (urethro-vaginal), between the rectum and vagina (recto-vaginal), and 
between the cervical canal and the bladder (utero-vesical), may occur. 
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inguinal ligament, corresponds with the gubernaculum testis in the male and with the 
round ligament of the uterus in the female. In the former it is not directly attached 
to the testis, but only through its ligament, the point of attachment later corre- 
sporeting to the origin 
oo abe vas deferens Fic. 1720, 
m the epididymis. : 

The testicle begins 
its descent during the 
second feetal month, 


under the influence and 
guidance of the genito- 
inguinal |i, t, by 
the end the third 
month reaches the an- 
terior abdominal wall 
in the vicinity of the 
later internal abdomi- 
nalring. This position 
it retains until the close 
S the sixth month, . a 
when it enters upon its - : Alesioin 

final descent. Ve an bihice! vite 
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of the abdominal wall undergo evagination, resulting in the production of a shallow 
pouch, the inguinal bursa, into which a sac of peritoneum, the processus vaginalis, 
extends, together with the ge ¢ associated genito-inguinal ligament. The inguinal 
bursa, in turn, sinks into the shallow scrotal pouch that has independently devel- 
oped as an integumentary fold. The wall of the bursa contains the constituents that 
later differentiate into the coverings proper of the spermatic cord and testicle—the 
intercolumnar, cremasteric, and infundibuliform fascize. Its muscular fibres, pro- 
longed from the internal oblique and transversalis layer, correspond with the cre- 
master, and surround the genito-inguinal ligament. 

Owing to the thickening of the lower end of the latter, a slight elevation appears 
on the floor of the bursa, which thus seemingly becomes pushed up towards the 
testis to form the rudiment of what in some animals becomes a well-marked projec- 
tion, the conus inguadlis, but in man always remains insignificant. In consequence 
of these changes, during the fourth month the testis is displaced upward and its 
ceveane temporarily inter- 
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Diagram showing carly stage in descent of testicle. (After H’aldever.) ing of the latter, together 


with the pull exerted by the 

cremasteric, fibres, plays an active réle in drawing the testicle through the abdominal 

wall and into the scrotum, these factors are undoubtedly supplemented by forces result- 
ing from the growth and expansion of the pelvis and inguinal regions. 

The processus vaginalis reaches the bottom of the scrotal sac in advance of the 








DEVELOPMENT OF THE REPRODUCTIVE ORGANS. 2043 


In tie eee ee Deans, tubules and duct play pe siagtompenatt arate 
to form rudimen © epoophoron (page 2000) a 
i and, whe the © Wo ron duct persists, the duct of Gartner ipa The 

broad ligamen tis form the enlargement of the prim fold containing 
the i bap —— ducts. The - sae) 

escent e Ovary.— primary paces ovary, at the side of 
the upper two lumbar vertebrae, corresponds with that of the testis, the sexual 
gland, as in the male, andegong migration in order to ae its it loca- 
tion. In the case of the ovary, however, this migration is tach more limited, 
notwithstanding the provision of the same equipment for descent as in the male, in- 
cluding the genito-in; Bgenen inguinal bursa, peritoneal evagination, and even 
cremaster muscle. e glan 
fails to reach the internal Fic. 1724. 
abdominal ring and remains oF 
until birth at the brim of the 
pelvis in consequence of the 
large size of the uterus in 
relation to the small pelvis. 
When the growth and expan- 
sion of the latter have ae 
vided additional capacity, as 
the uterus sinks to its definite 
position, the ovaries, attached 
by their ligaments and ovi- 
ducts, follow into the pelvis. 

The genito-inguinal liga- 

ment becomes the round 
ligament of the uterus, the 
lower end of which is attached 
to the subcutaneous tissue of 
the labium majus at the exter- 
nal abdominal ring. These 
relations are foreshadowed by 
the close association of the 
lower end of the foetal liga- 
ment to the bottom of the 
inguinal bursa and the wall of 
the processus vaginalis. The 
lumen of the latter usually 
disappears, but in exceptional 





cases may persist as the canal Stunt! ORY cacexcentod wind Sicorame mearieeae a 


of Nuck (page 2015). Asso- 
ciated with this condition, occasionally the ovary more closely imitates the descent 
of the testicle by passing into or even through the inguinal canal. 


DEVELOPMENT OF THE EXTERNAL ORGANS. 


The external genital organs develop from an indifferent type and, until the 
beginning of the third month, do not exhibit the distinguishing characteristics of 
either sex. While the differentiation of the sexual glands occurs early, in embryos 
of 22 mm. length, not until about the ninth week, in embryos of 31 mm., is sex 
determinable by inspection of the internal organs. The earliest trustworthy external 
indication of sex is the downward curve of the growing genital tubercle, later the 
clitoris, that takes place at this time in the female (Herzog). 

About the fifth week, before the rupture of the cloacal membrane, the tissue 
bordering the external cloacal fossa in front grows forward into a rounded projection, 
the genital tubercle. The latter rapidly increases in size and differentiates into a distal 
knob-like end and a bulbous ventral expansion at its base which becomes divided 
by a groove that extends along the under surface of the genital tubercle. The lips 
of this groove elongate into the genttad folds that lie on either side of the opening into 








Dissection bulbus vestibuli, Rartholin’s glands and inferior layer of triangular ligament after removal 
epee bi overlying structures; left crus clitoridis displaced. oe 


The fascia of Colles forms the lower boundary of the pecans! perincal inter- 
space, a triangular pocket limited above by the inferior layer of the tri liga- 
ment and behind by the fusion of the latter with Colles’s fascia. In addition to the 
superficial perineal vessels and nerves, the long pudendal nerves, the transverse peri- 





«THE FEMALE PERINEUM. . 2049 


The presence of the urogenital cleft prevents the fusion not only of the vestibular 
hemibulbs (the homologues of the halves of the corpus spongiosum), but also of the 
bulbo-cavernosus muscles, which, therefore, are present in the female as separate 
bands that encircle the vestibule. 

The bulbo-cavernosus muscle, often called the sphincter vagine, arises from the 
perineal centre, blending with the fibres of the external sphincter and the transverse 
perineal muscles, and divides into a median and a lateral portion as it passes forward. 
The lateral and more superficial strand encircles the vagina, crosses the crus to gain 
the dorsum clitoridis, and ends, with the tendon of the opposite muscle, by blending 
with the fibrous sheath of the clitoris. The median and deeper portion of the muscle 
(the compressor bulbi of Holl ) partly covers the gland of Bartholin and the vestibular 
bulb, and in front unites with the corresponding strand of the opposite side in a 


FIG. 1734. 


Clitoris Glans of clitoris 
ff 


—Vulvar fissure 
White line of pel- 
vic fascia slight). 

~~displaced toward 
midline 

~ Tuber ischii 


—Levator ani 


Anus 


—— Coccygeus 


~ Greater 
sacro-sciatic 
———_ ligament 
~- Gluteus 
maximus (cut) 








+ ae > . a 
a -_ [ 3 —< 
maximus rot oe —a _— 
Coccygeus y = 
=, * 
- ™ 


Gluteus 


Deep dissection of perineum, exposing muscles of pelvic floor. 


delicate tendinous expansion that passes beneath the body of the clitoris and is attached 
to the crura. bok 
Between the inferior and superior layers of the triangular ligament is included 
the deep perineal interspace. 1n addition to the continuations of the internal pudic 
vessels and pudic nerves, this interfascial space is occupied by a thin and imperfect 
muscular sheet that corresponds with the compressor urethra. The posterior part 
of this sheet is differentiated, with variable distinctness, into the deep transverse 
perineal muscles which, arising from the ischial tuberosities, pass behind the vagina 
to the perineal centre. The remaining part of the sheet, collectively much less 
developed than the sphincter-like compressor urethre in the male, is continued 
forward from the perineal centre as a thin stratum that closely encircles the vagina, 
and in front either surrounds the urethra or passes in front of the urethra in the 
interval between the latter and the transverse ligament (Kalischer). In recognition 
of its relations to both the vaginal and urethral canals, this muscular sheet has been 
appropriately called the urogenital sphincter. 
129 


INDEX. 


Abdomen, examination of, anatomical rela- 


tions, 536 
fascia, superficial of, 515 


landmarks and topography of, 531 


lymphatics of, 972 
lymph-nodes of, 974 
muscles of, Z 5 
pract. consid., 526 
ventral aponeurosis of, 521 
Abdominal cavity, 1615 
region, epigastric, 1615 
hypochondriac, 1615 
hypogastric, 1615 
illac, 1615 
lumbar, 1615 
umbilical, 1615 
hernia, 1759 
incisions, anatomy of, 535 
ring, external, 524 
internal, 524 
walls, lymphatics of, 976 
posterior surface of, 525 
Acervulus, 1125 
Acetabulum, 336 
Acromio-clavicular articulation, 262 
pract. consid., 264 
Adamantoblasts, 1561 
Adipose tissue, 79 
chemical composition of, 83 
Bites bieth; 55 
ger nasi, 193 
‘Abrcells, ethmoidal, 1424 
pract. consid., 1429 
Air-sacs of lung, 1850 
Air-spaces, accessory, 1421 
pract. consid., 1426 
Ala cinerea, 1097 
Albinism, 1461 
Alcock's canal, 817 
Alimentary canal, 1538 
tract, development of, 1694 
Allantois, 32 
arteries of, 33 
human, 35 
stalk of, 33 
veins of, 33 
Alveoli of lung, 1850 
Ameloblasts, 1561 
Amitosis, 14 
Amnion, 30 
false, 31 
folds of, 30 
human, 35 
cavity of, 35 
fluid of, 41 
liquor of, 31 
suture of, 31 
Amniota, 30 
setiphasriiircs, 107 
Anal canal, 1673 
Analogue, 4 
Anamnia, 30 
Anaphases of mitosis, 13 


Anastomoses, of ophthalmic veins, 880 


Anatomy, 1 : 
Ankle, landmarks of, 672 


muscles and fasciz of, pract. consid., 666 


Ankle-joint, 438 
movements of, 440 
pract. consid., 450 

Annuli fibrosi, of heart, 698 

Annulus ovalis, 695 
tympanicus, 1493 
of Vieussens, 695 

Anorchism, 1950 

Anthropology of skull, 228 

Anthropotomy, 1 

Antihehix, 1484 

Antitragus, 1484 

Antrum, 227 
of Highmore, 1422 

pract. consid., 1428 
pylori, 1618 
of superior maxilla, 201 

Anus, 1673 
formation of, 1695 
muscles and fascie of, 1675 
pract. consid., 1689 

Aorta, abdominal, 7 


4 
branches of ract. consid., 806 


plan of branches, 796 
pract. consid., 796 
dorsal, 721 
pulmonary, 722 
Segmental arteries of, 847 
s stemic, 723 
thoracic, 791 
valves of, 700 
ventral, 721 
Aortic arch, 723 
pract. consid., 726 
variations of, 724 
bodies, 1812 
bows, 847 
septum, 707 
Aponeurosis, 468 
abdominal, ventral, 521 
epicranial, 482 
(fascia) plantar, 659 
palmar, 606 


Appendages,vesicular,of broad ligament,2002 


Appendices epiploice, 1660 
Appendix epididymidis, 1949 
testis, 1949 
vermiform, 1664 
blood-vessels of, 1667 


development and growth of, 1668 


lymphatics of, 1667 

mesentery of, 1665 

nerves of, 1668 

orifice of, 1662 

peritoneal relations of, 1665 

pract. consid., 1681 
Aquzductus cochlez, 1514 
Aqueduct of Fallopius, 1496 

sylvian, 1108 

Aqueous humor, 1476 

chamber, anterior of, 1476 
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Aqueous humor, chamber, posterior of, 147 


ract. consid., 1476 
Arachnoid, of brain, 1203 
of spinal cord, 1022 
Arantius, nodules of, 700 
Archenteron, 25 
Arches, visceral, 59 
fifth or third branchial, 61 
first or mandibular, 60 
fourth or second branchial, 61 
second or hyoid, 60 
third or first branchial, 61 
Arcuate nerve-fibres, 1071 
Area acustica, 1097 
embryonic, 23 
parolfactory, 1153 
peltucide, 25 
Areola, 2028 
Arm, lymphatics, deep, of, 965 
superficial, of, 963 


muscles and fascia of, pract. consid., 589 


Arnold's ganglion, 1246 
Arrectores pilorum, 1394 
Arterial system, general plan of, 720 
Artery or arteries, 719 
aberrant, of brachial, 775 
allantoic, 33 
alveolar, 741 
of internal maxillary, 741 
aorta, systemic, 723 
anastomoses around the elbow, 778 
anastomotica magna, of brachial, 778 
of femoral, 831 
angular, 738 
ae facial, 738 
articular, of popliteal, 833 
auditory, internal, 759 
auricular, anterior, of temporal, 745 
deep, 740 
of internal maxillary, 740 
of occipital, 744 
posterior, 744 
axillary, 767 
pract. consid., 769 
azygos, of vaginal, 812 
basilar, 758 
brachial, 773 
pract. consid., 776 
brachialis superficialis, 775 
bronchial, 792 
buccal, 741 
of internal maxillary, 741 
to bulb (bulbi urethra), 817 
calcaneal, external, 838 
internal, 839 
of external plantar, 840 
calcarine, 760 
carotid, common, 730 
pract. consid., 731 
external, 733 
pract. consid., 733 
internal, 746 
pract. consid., 747 
system, anastomoses of, 753 
carpal, of anterior radial, 788 
of anterior ulnar, 782 
arch, posterior, 789 
of posterior radial, 788 
of ‘posterior ulnar, 782 
feta, anterior, 791 
centralis retine, 749 
cerebellar, inferior, anterior, 759 
posterior, 759 





Artery or arteries, cerebellar, superior, 759 


cerebral, anterior, 753 
middle, 752 
posterior, 760 
cervical, ascending, of inferior thyruid, 
766 
of transverse cervical, 767 
deep, 764 
superficial, 766 
transverse, 767 
choroid, anterior, 752 
ciliary, 749 
anterior, 749 
terior, 74 
cirelé of Willis, 760 
circumflex, anterior, 773 
external, of deep nacai? 828 
internal, of deep femoral, 828 
posterior, 773 
circumpatellar anastomosis, 834 
coccygeal, of sciatic, 815 
coeliac axis, 797 
colic, left, 803 
right, 802 
comes nervi ischiadici, 815 
communicating, anterior, 753 
of peroneal, 838 
posterior, 751 
of posterior tibial, 839 
coronary, inferior, 738 
of facial, 738 
left, 728 
right, 728 
superior, 738 
of facial, 738 
of corpus cavernosum, 817 
cremasteric, of deep epigastric, 820 
of spermatic, 805 
crico-thyroid, 734 
of superior thyroid, 734 
cystic, of hepatic, 799 
dental, anterior, of internal maxillary, 
741 
inferior, 740 
development of, 846 
of lower limb, 848 
of upper limb, 848 
digital, collateral, of ulnar, 784 
of ulnar, 784 
dorsal, of foot, 845 
of penis (clitoris), 817 
dorsalis hallucis, 846 
indicis, 789 
pedis, 845 
pollicis, 789 
epigastric, deep, 820 
superficial, 826 
superior, 763 
ethmoidal, 749 
anterior, 750 
sterior, 749 
facial, 737 
anastomoses of, 738 
glandular branches of, 737 
pract. consid., 738 
transverse, 745 
femoral, 821 
anastomoses of, 831 
deep, 828 
development of, 823 
pract. consid., 824 
fibular, superior, of anterior tibial, 844 
frontal, of ascending middle cerebral, 753 


THIS VOLUME CONTAINS PAGES 996 TO THE END. 


INDEX. 


Artery or arteries, frontal, of inferior middle 


cerebral, 753 
internal, anterior, 753 
middle, 753 
posterior, 753 
of ophthalmic, 750 
Gasserian, of middle meningeal, 740 
gastric, 798 
short, of splenic, 800 
gastro-duodenal, 799 
gastro-epiploic, left, 801 
right, 799 
glandular, of facial, 737 
gluteal, 811 
pract. consid., 814 
hemorrhoidal, inferior, 817 
middle, 813 
superior, 803 
hepatic, 799 
hyaloidea, 1474 
hypogastric axis, 808 
obliterated, 808 
ileo-colic, 802 
iliac, circumflex, deep, 821 
superficial, 826 
common, 807 
pract. consid., 807 
external, 818 
anastomoses of, 821 
pract. consid., 819 
of ilio-lumbar, 810 
internal, 808 
anastomoses of, 818 
pract. consid., 810 
ilio-lumbar, 810 
infrahyoid, of superior thyroid, 734 
infraorbital, 741 
of internal maxillary, 741 
innominate, 729 
pract. consid., 729 
intercostal, of anterior internal mam- 
mary, 763 
aortic, 792 
of internal mammary, 765 
superior, 764 
internal mammary, pract. consid., 764 
interosseous, anterior, 781 
common, 781 
dorsal, 846 
posterior, 782 
intestinal, of superior mesenteric, 802 
labial, inferior, 738 
of facial, 738 
of internal maxillary, 741 
lachrymal, 749 
laryngeal, inferior, 766 
superior, of superior thyroid, 734 
lateral cutancous, of aortic intercostals, 


793 

lenticulo-striate, of middle cerebral, 752 
lingual, 735 

anastomoses of, 736 

dorsal, 736 

pract. consid., 736 
lumbar, 805 

of ilio-lumbar, 81o 
malleolar, external, 844 

internal, of anterior tibial, 844 

of posterior tibial, 839 

mammary, of aortic intercostals, 793 

internal, 763 

lateral internal, 764 
massetcric, 740 
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Artery or arteries, masseteric, of facial, 738 


of internal maxillary, 740 
mastoid, of occipital, 744 
maxillary, internal, 739 
anastomoses of, 742 
development of, 742 

median, 781 

mediastinal, of internal mammary, 763 

of thoracic aorta, 792 
meningeal, anterior, 748 

of ascending pharyngeal, 743 

middle, 740 

of internal maxillary, 740 

posterior, of occipital, 744 

of vertebral, 758 

small, 740 
mesenteric, inferior, 802 

superior, 801 
metacarpal, dorsal, 789 
metatarsal, of foot, 845 
middle, colic, 802 
musculo-phrenic, 763 
nasal, lateral, 738 

of facial, 738 

of ophthalmic, 750 $ 
naso-palatine, of internal maxillary, 742 
nutrient, of brachial, 774 

of peroncal, 838 

of posterior tibial, 838 

of ulnar, 781 
obturator, 813 

from deep epigastric, 814 
occipital, 743 

pract. consid., 744 
cesophageal, of gastric, 798 

of thoracic aorta, 792 
omphalomesenteric, 32 
ophthalmic, 748 

anastomoses of, 750 
orbital, of middle meningeal, 740 

of temporal, 745 
ovarian, 805 

of uterine, 813 
palatine, ascending, 737 

of facial, 737 
descending, 741 
of internal maxillary, 741 
palmar arch, deep, 785 
superficial, 784 

deep, 782 

interosseous, 790 
palpebral, of interrfal maxillary, 741 

of ophthalmic, 75° 
pancreatic, of splenic, 800 
pancreatico-duodenal, inferior, 802 

superior, 799 
parietal, of middle cerebral, 753 
parieto-occipital, 760 
: temporal, 753 
parotid, of temporal, 745 
perforating, of anterior internal mam- 
mary, 763 

of deep femoral, 828 

posterior, of external plantar, 840 

of radial, 791 
perineal, superficial, 817 

transverse, 817 
peroneal, anterior, 838 

posterior. 838 

of posterior tibial, 838 
petrosal, of middle meningeal, 740 
pharyngeal, ascending, 743 

of ascending pharyngeal, 743 
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Artery or arteries, phrenic, inferior, 804 
superior, 763 
plantar arch, 840 
digital, 840 
external, 840 
internal, 839 
interosseous, 840 
popliteal, 831 
pract. consid., 832 
posterior choroidal, 760 
princeps cervicis, 744 
hallucis, 841 
pollicis, 789 
profunda, inferior, 777 
superior, 777 
prostatic, 812 
preryactd, 740 
of internal maxillary, 740 
pterygo-palatine, 742 
of internal maxillary, 742 
pubic, of deep epigastric, 820 
of obturator, 813 
pudic, external, deep, 828 
superficial, 826 
internal, 815 
accessory, 818 
pulmonary, 722 
valves of, 700 
pyloric, of hepatic, 799 
radial, 785 
development of, 786 
pract. consid., 786 
recurrent, 787 
radialis indicis, 790 
superficialis, 775 
ranine, 736 
recurrent, of palm, 791 * 
of posterior interosseous, 782 
renal, 804 
sacral, lateral, 810 
_middle, 806 
scapular, dorsal, 773 
sterior, 767 
Sciatic, 815 
septal, of nose, 738 
sigmoid, 803 
spermatic, 805 
spheno-palatine, 742 
of internal maxillary, 742 
spinal, anterior, of vertebral, 759 
posterior, of vertebral, 758 
splenic, 800 ; 


sterno-mastoid, of external carotid, 743 


of occipital, 744 
of superior thyroid, 734 


striate, external, of middle cerebral, 752 


internal, of middle cerebral, 752 
structure of, 675 
stylo-mastoid, 745 
subclavian, 753 

pract. consid., 756 
subcostal, 792 
sublingual, 736 
submental, 737 

of facial, 737 
subscapular, 772 
suprahyoid, 736 
supraorbital, 749 
suprarenal, 804 

inferior, 804 
suprascapular, 767 
tarsal, external, 845 

internal, 845 


INDEX. 


Artery or arteries, temporal, anterior, of 





vertebral, 760 
deep, 740 
of internal maxillary, 740 
middle, 745 
posterior, of vertebral, 760 
superficial, 745 
pract. consid., 745 
thoracic, acromial, 771 
alar, 772 
long, 772 
superior, 771 
thyroid axis, 765 
pract. consid., 766 
inferior, 766 
superior, 734 
pract. consid., 735 
tibial, anterior, 842 
anastomoses of, 844 
pract. consid., 842 
posterior, 834 
anastomoses of, 841 
development of, 836 
pract. consid., 836 
recurrent, anterior, 844 
posterior, 844 
tonsillar, 737 
of facial, 737 
tubal, of ovarian, 805 
of uterine, 813 
tympanic, of internal carotid, 748 
of internal meiarys 740 
of middle meningeal, 740 
ulnar, 778 
accessory, 776 
development of, 779 
pract. consid., 780 
recurrent, anterior, 781 
posterior, 781 
umbilical, 54 
ureteral, of ovarian, 805 
of renal, 804 
of spermatic, 805 
of uterine, 813 
urethral, 817 
uterine, 812 
vaginal, 812 
vertebral, 758 
pract. consid., 761 
vesical, inferior, 811 
middle, 811 
of obturator, 813 
superior, 811 
vesiculo-deferential, 812 
Vidian, 742 
vitelline 32 
volar, superficial, 788 


Arthrodia, 113 


Articulation or articulations, acromio-clavic- 


ular, pract. consid., 264 

carpo-metacarpal, 325 
movements of, 326 

costo-vertebral, 160 

of ethmoid, 194 

of foot, 440 

of frontal bone, 197 

of inferior turbinate bone, 208 

of lachrymal bone, 207 

of malar bone, 210 

metacarpo-phalangeal, 327 
movements of, 328 

of nasal bone, 209 

of occipital bone, atlas, and axis, 135 
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Articulation or articulations, of palate bone, 


205 
of parietal bone, 199 
sacro-iliac, 338 
scapulo-clavicular, 262 
of sphenoid bone, 190 
sterno-clavicular, 261 
pract. consid., 263 
of superior maxilla, 202 
of temporal bone, 184 
temporo-mandibular, 214 
development of, 215 
movements of, 215 
thoracic anterior, 158 
of thorax, 157 
of thumb, 326 
tibio-fibular, inferior, 396 
superior, 396 
of vertebral column, 132 
of vomer, 206 
Arytenoid cartilages, 1816 
Asterion, 228 
Astragalus, 423 
development of, 425 
Astrocytes, 1003 
Atlas, 120 
development of, 131 
variations of, 120 
Atria of lung, 1850 
Auditory canal, external, 1487 
blood-vessels of, 1489 
nerves of, 1490 
pract. consid., 1491 
internal, 1514 
ossicles, 1496 
th, 1258 
Auerbach, plexus of, 1643 
Auricle or auricles, 1484 
antihelix of, 1484 
antitragus of, 1484 
blood-vessels of, 1486 
cartilage of, 1485 
concha of, 1484 
of heart, 693 
helix of, 1484 
digetponts of, 1486 
lobule of, 1484 
muscles of, 1486 
nerves of, 1487 
pract. consid., 1490 
structure of, 1485 
tragus of, 1484 
Auricular canal, 705 
Axilla, 574 
muscles and fascia of, pract. consid., 579 
Axis, 121 
development of, 131 
Axis-cylinder, 1oor 
Axones, of neurones, 997 
Azygos system of veins, 893 


Bartholin, glands of, 2026 
Basion, 228 
Bell, external respiratory nerve of, 1295 
Bertin, bones of, 19t 
columns of, 1876 
Bicuspid teeth, 1545 
Bile-capillaries, 1715 
Bile-duct, common, 1720 
opening of, 1720 
pract. consid., 1731 
interlobular, 1717 
lymphatics of, 981 
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Biliary apparatus, 1718 
Bladder, lymphatics of, 985 
urinary, 1901 
capacity of, 1903 
development of, 1938 
in female, 1908 
fixation of, 1905 
infantile, 1908 
interior of, 1904 
nerves of, 1910 
peritoneal relations of, 1904 
pract. consid., 1910 
relations of, 1906 
structure of, 1908 
trigone of, 1904 
vessels of, 1910 
Blastoderm, 22 
bilaminar, 23 
trilaminar, 23 
Blastodermic layers, 22 
derivatives of, 24 
vesicle, stage of, 56 
Blastomeres, 21 
Blastopore, 25 
Blastula, 25 
Blood, 680 
Blood-cells, colored, 681 
colorless, 684 
development of, 687 
Blood-crystals, 681 
lakes of dural sinuses, 852 
Jaques, 685 
Blood-vascular system, 673 
Blood-vessels of auricle, 1486 
of bone, 93 
of brain, 1206 
capillary, 678 
of cartilage, 81 
development of, 686 
of duodenum, 1649 
of Eustachian tube, 1504 
of external auditory canal, 1489 
of eyelids, 1445 
of acta 1535 
of hair-follicles, 1394 
of kidney, 1884 
of liver, 1709 
lobular, of liver, 1713 
of lung, 1853 
of membranous labyrinth, 1522 
of nasal fossa, 1425 
of non-striated muscle, 456 
of nose, 1407 
of pericardium, 716 
of pleura, 1860 
of small intestine, 1642 
of rectum, 1679 
of retina, 1467 
of skin, 1387 
of spinal cord, 1047 
of stomach, 1627 
of striated muscle, 464 
structure of, 673 
of sweat glands, 1400 
vasa vasorum, 674 
Body-cavity, differentiation of. 1700 
Body-form, general development of, 56 
Body-stalk, 37 
Bone or bones, 84 
age of, 106 
astragalus, 423 
of Bertin, 191 
blood-vessels of, 93 
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Bone or bones. calcaneum, 419 
canaliculi of, 86 
cancellated. 35 
carpus, 309 
cells of. 39 
chemical composition of, 84 
clavicle, 257 
compact, 86 
development of, 100 
cranium, 172 
cuboid, 422 
cuneiform, 310 
external, 428 
internal, 426 
middle, 427 
development of, 94 
endochondral, 94 
intramembranous, 98 
diaphysis of, 104 
elasticity of, 105 
ethmoid, 191 
femur, 352 
fibula, 390 
frontal, 194 
general considerations of, 104 
wth of, 101 
aversian canals of, 88 
system of, 86 
humerus, 265 
hyoid, 216 
ihum, 332 
inferior turbinate, 208 
innominate, 332 
intramembranous, ror 
ischium, ; 36 
lachrymal, 207 
lacune of, 86 
lamellz of, circumferential, 86 
Haversian, 86 
interstitial, 86 
lymphatics of, 93 
malar, 209 
maxilla, inferior, 211 
superior, 199 
mechanics of, 105 
metacarpal, 314 
metatarsal, 428 
nasal, 209 
nerves of, 94 
number of, 107 
occipital, 172 
os magnum, 312 
palate, 204 
parietal, 197 
parts of, 106 
patella, 308 
periosteum of, 89 
phalanges of foot, 432 
of hand, 317 
physical properties of, 85 
pisiform, 311 
pubes, 334 
radius, 28700 | 
relation of to figure, 107 
ribs, 140 
scaphoid, 309 
of foot, 425 
scapula, 248 
semilunar, 310 
samoid, TOF 
sex of, 106 
shapes of, Tos 
Sharpey’s fibres of, 87 
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Bone or bones, of shoulder-girdle, 248 
skull, 172 
sphenoid, 186 
sphenoidal, turbinate, 191 
sternum, 155 
structure of, 85 
subperiosteal, 98 
tarsal, 419 
temporal, 176 
of thorax, 149 
tibia, 382 
trapezium, 311 
trapezoid, 311 
ulna, 281 
unciform, 312 
variations of, 107 
Volkmann's canals of, 89 
vomer, 205 
Bone-marrow, go 
cells of, 92 
eosinophiles, 92 
giant cells of, 92 
nucleated red cells of, 92 
erythroblasts, 92 
normoblasts, 92 
primary, 95 
red, 90 
yellow, 93 
Bowman, glands of, 1415 
membrane of, 1451 
Brachium, inferior, 1107 
internal structure of, 1110 
superior, 1107 
Brain, 1055 
blood-vessels of, 1206 
foneral development of, 1058 
ymphatics of, 948 
measurements of, 1195 
membranes of, 1197 
pract. consid., 1207 
pract. consid., 1207 
weight of, 1196 
Brain-sand (acervulus), 1125 
Brain-stem, 1056 
Brain-vesicles, primary, 1059 
secondary, 1061 
Branchial arches, derivatives of, 847 
Bregma, 228 
Bronchial tree, 1847 
variations of, 1849 
Bronchus or bronchi, 1838 
distribution of, 1849 
eparterial, 1848 
homologies of, 1848 
hyparterial, 1848 
pract. consid., 1840 
terminal, 1850 
Bruch, membrane of, 1456 
Brunner, glands of, 1639 
Buccal fat-pad, 489 
Bulb, 1063 
of internal jugular vein, 861 
olfactory, 1151 
urethral, 1968 
Bulbo-tecto-thalamic strands, 1116 
Bulbus vestibuli, 2025 
Bulla, of ethmoid, 194 
Burns, space of, 543 
Bursa or burs, 111 
iliopectineal, 623 
ischiatic, of gluteus maximus, 630 
of knee-joint, 406 
of m. pyriformis, 561 
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Bursa or bursz, subdeltoid, 578 
subscapular, 578 
trochanteric, of gluteus maximus, 630 
Buttocks, landmarks of, 669 
muscles and fasciz of, pract. consid., 641 


Cecum, 1660 
blood-vessels of, 1667 
development and growth of, 1668 
interior of, 1661 
lymphatics of, 1667 
nerves of, 1668 
peritoneal relations of, 1665 
position of, 1662 
pract. consid., 1680 
structure of, 1663 
Calamus scriptorius, 1096 
Calcaneum, 419 
development of, 422 
structure of, 421 
variations of, 421 


Camper's fascia, 515 
Canal < or canals, alimentary, 1538 
anal, 1673 
auditory, external, 1487 
auricular of heart, 705 
carotid, 184 
central, of spinal cord, 1030 
of Cloquet, 1474 
facial, 184 
femoral, 625 
Haversian, of bone, 88 
Hunter's, 628 
hyaloid, 1474 
incisive, 1413 
inguinal, 523 
neural, 26 
neurenteric, 25 
of Nuck, 2006 
palatine, anterior, 20r 
terior, 204 
reuniens, 1515 
of Scarpa, 201 
of Schlemm, 1452 
semicircular membranous, 1515 
osseous, 1512 
structure of, 1516 
of Stenson, 201 
of Stilling, 1474 
Vidian, 189 
Volkmann's, of bone, 89 
Canaliculi, of bone, 86 
lachrymal, 1478 
Canine teeth, 1544 
Canthi of eye, 1442 
Capitellum of humerus, 268 
Capsule, external, 1172 
internal, 1173 
of Tenon, 504 
Caput meduse, 534 
Cardiac muscle, 462 
Cardinal system of veins, 854 
Carina trachee, 1837 
urethralis, 2016 
Carotid body, 1809 
chromaftine cells of, 1810 
sheath, 543 
Carpo-metacarpal articulations, 325 
Carpus, 309 
development of, 313 
pract. consid., 319 
variations of, 313 
Cartilage or cartilages, 80 
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' Cartilage or cartilages, articular, 81 


arytenoid, 1816 
of auricle, 1485 
blood-vessels of, 8 
capsule of, 80 
chemical composition of, 83 
costal, 153 
cricoid, 1813 
cuneiform of Wrisberg, 1817 
development of, 82 
elastic, 81 
fibrous, 82 
hyaline, 80 
lacuna of, 80 
lateral, of nose, 1405 
matrix of, 80 
of nasal septum, 1405 
of nose, 1404 
perichondrium of, 81 
of Santorini, 1817 
thyroid, 1814 
triangular, of nasal septum, 224 
vomerine, 1406 
Cartilage-cells, 80 
Carunculz hymenales, 2016 
salivares, 1581 
Caruncle, lachrymal, 1443 
Cauda equina of spinal cord, 1025 
Cavity, abdominal, 1615 
nasal, 223 
pneumatic accessory, 226 
segmentation, 22 
synovial, of foot, 447 
tympanic, 1492 
of tympanum, 183 
Cell or cells, animal, 6 
of bone, 89 
of connective tissues, 73 
decidual, 47 
gustatory, 1435 
mastoid, 1504 
of Rauber, 23 
spermatogenctic, 1943 
tactile, of Merkel, 1016 
Cell-division, 10 
direct, 14 
indirect, 11 
reduction division, 18 
Cell-mass, inner, 23 
intermediate, 29 
Cementoblasts, 1563 
Cementum, 1552 
formation of, 1563 
Centrosome, 9 
Cephalic flexure, 1061 
Cerebellar peduncle, fibre-tracts of, 1093 
inferior, 1067 
inferior, fibre-tracts of, 1093 
middle, fibre-tracts of, 1094 
superior, fibre-tracts of, 1094 
Cerebellum, 1082 
architecture of, 1088 
cortex of, 1090 
histogenesis of, 1105 
development of, 1103 
flocculus of, 1085 
hemispheres of, 1082 
lobus cacuminis of, 1085 
centralis of, 1084 
clivi of, 1085 
culminis of, 1084 
tile: of, 1084 
uli of, 1085 
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Cerebellum, lobus pyramidis of, 1086 
tuberis rn 1087 
uvulz of, 1086 
medullary substance of, 1093 
nuclei, internal of, 1088 
nucleus, dentate of, 1088 
emboliformis (embolus) of, 1089 
fastigii of, 1089 
globosus of, 1089 
Purkinje cells of, 1090 
tonsil (amygdala) of, 1086 
worm of, 1082 
Cerebral commissures, development of, 1194 
convolutions (gyri), 1135 
fissures (sulci), 1135 
hemispheres, 1133 
architecture of, 1155 
longitudinal fissure of, 1133 
lobes, 1135 
localization, 1210 
uncles, 1107 
Cerebro-spinal fluid, 1023 
Cerumen, 1489 
Cervical flexure, 1062 
Cheeks, 1538 
lymphatics of, 951 
pract. consid., 1594 
Choane, 1413 
(bony), 224 
primitive, 1429 
Chorda dorsalis, 27 
Chordz tendinez, of heart, 697 
Choriocapillaris, 1456 
Chorion, 32 
allantoic, 3 
canalized Bain of, 49 
epithelium of, 49 
frondosum, 38 
human, 41 
leve, 38 
primitive, 31 
syncytium of, 49 
villi of, 49 
Choroid, 1455 
development of, 1482 
plexus of fourth ventricle, 1100 
of third ventricle, 1131 
pract. consid., 1459 
structure of, 1456 
Chromaffine cells of carotid body, 1810 
Chromatin, 9 
Cilia, 70 
Ciliary body. 1457 
ganglion, 1236 
muscle, 1458 
processes, 1457 
ring, 1457 
Circulation, general plan of, 719 
Cisterna magna, 1203 
Claustrum, 1172 
Clava, 1066 
Clavicle, 257 
development of, 258 
fracture of, 259 
landmarks of, 260 
pract. consid., 258 
sexual differences, 258 
surface anatomy of, 258 
Clinoid process, anterior, 189 
processes, middle, 186 
posterior, 186 
Clitoris, 2024 
glans of, 2024 


THIS VOLUME CONTAINS 


INDEX. 


Clitoris, nerves of, 2025 
prepuce of, 2024 
vessels of, 2025 
Cloaca, 1696 
Cloquet, canal of, 1474 
lymph-nodes of, 992 
Coccygeal body, 1810 
Coccyx, 127 
development of, 131 
Cochlea, membranous, 1517 
nerves of, 1521 
organ of Corti of, 1519 
Reissner’s membrane of, 1517 
structure of, 1518 
osseous, 1513 
Ceeliac plexus, lymphatic, 973 
Coelom, 28 
pericardial, 1700 
leural, 1700 
Cohnheim’s fields of striated muscle-fibre, 461 
Collagen, 83 
Colles, fascia of, 562 
ligament of, 523 
Colliculi inferiores, 1107 
superiores, 1107 
Colliculus, inferior, internal structure of, 
1110 
superior, internal structure of, 1110 
Colon, 1668 
ascending, 1668 
blood-vessels of, 1672 
descending, 1669 
flexure, hepatic of, 1668 
splenic of, 1668 
lymphatics of, 1672 
nerves of, 1672 
peritoneal relations of, 1670 
| pract. consid., 1685 
relations of, 1668 
transverse, 1668 
Colostrum, 2031 
corpuscles, 2031 
Columne carnez, of heart, 697 
Column, spinal, 114 
Columns, anterior, of spinal cord, 1027 
lateral, of spinal cord, 1027 
of Morgagni, 1674 
posterior, of spinal cord, 1027 
Commissura habenule, 1124 
hippocampi, 1158 
hypothalamica, 1128 
Commissure, anterior, 1185 
of Meynert, 1115 
middle, 1119 
posterior, 1125 
Concha, 1484 
Condylarthrosis, 113 
Conjunctiva, 1441 
bulbar, 1445 
palpebral, 1445 
! pract. consid., 1447 
| Connective substances, chemical composi- 
tion of, 83 
tissues, 73 
cells of, 73 
fixed, 74 
typical, 74 
wandering, 74 
chemical composition of, 83 
granulc-cells of, 74 
ground-substance of, 75 
intercellular constituents of, 74 
pigment-cells of, 74 
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Construction, general plan of, 1 
Conus medullaris, of spinal cord, 1021 
Convolutions (gyri) cerebral, 1135 
Cooper, ligaments of, 2029 
Cord, spermatic, 1960 
Corium, 1383 
Cornea, 1450 
nerves of, 1452 
pract. consid., 1453 
structure of, 1451 
Cornicule laryngis, 1817 
Cornua sphenoidalia, 191 
Corona radiata, 1186 
Coronoid process, of ulna, 281 
Corpora cavernosa of penis, 1966 
mammillaria (albicantia), 1128 
quadrigemina, 1106 
Corpus albicans, 1991 
callosum, 1155 
fibrosum, 1991 
Highmori, 1942 
luteum, 1990 
spurium, 1991 
verum, 1991 
spongiosum, of penis, 1967 
striatum, 1169 
connections of, 1172 
development of, 1193 
structure of, 1171 
subthalamicum, 1128 
trapezoides, 1079 
Corpassies, corneal, 1452 
genital, 1017 
of Grandry, 1016 
of Hassall, 1799 
of Herbst, 1org 
of Meissner, 1017 
of Ruffini, ro17 
Vater-Pacinian, 1018 
Cortex of cerebellum, rogo 
cerebral, histogenesis of, 1192 
local variations in, 1180 
nerve-cells of, 1176 
nerve-fibres of, 1179 
structure of, 1175 
Corti, ganglion of, 1257 
membrane, 1521 
organ of, 1519 
Costal cartilage, 153 
Cotyledons of placenta, 50 
Cowper, glands of, 1984 
Cranial capacity, 230 
nerves, 1219 
abducent (6th), 1249 
auditory (8th), 1256 
development of, 1376 
facial (7th), 1250 
glosso-pharyngeal (gth), 1260 
hypoglossal (12th), 1275 
oculomotor (3rd), 1225 
olfactory (1st), 1220 
optic (2nd), 1223 
pract. consid., 1220 
spinal-accessory (11th), 1274 
trigeminal (5th), 1230 
trochlear (4th), 1228 
vagus (roth), 1265 
Cranio-cerebral topography, 1214 
Cranium, 172 
architecture of, 220 
exterior of, 218 
fossa, anterior, 220 
middle of, 220 
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Cranium, fossa, posterior of, 220 
fractures of, 238 
interior of, 220 


muscles and fasciz, pract. consid. 


pract. consid., 235 
vault of, 220 
Cretinism, 1794 
Cricoid cartilage, 181 3 
Crista galli, of ethmoid, 191 
Crura of penis, 1967 
Crusta, 1115 
Cuboid bone, 422 
development of, 423 
Cumulus dophorus, 1989 
Cuneate tubercle, 1067 
Cuneiform bone, 310 
external, 428 
internal, 426 
middle, 427 
Cuticle, 1385 
Cuvier, ducts of, 854 
Cystic duct, 1720 
pract. consid., 1731 
Cytoplasm, structure of, 7 


Dacryon, 228 
Darwin, tubercle of, 1484 
Decidua, 44 

capenlaris, 46 

cells of, 47 

placentalis, 48 

reflexa, 45 

serotina, 48 

vera, 46 
Decussation of pyramids, 1064 

sensory, 1070 
Deiters, cells of, 1521 

nucleus, 1076 
Demours, membrane of, 1452 
Dendrites, of neurones, 997 
Dental ar 1542 

pilla, 1558 

Dentin, 1550 

formation of, 1559 
Dentition, first and second, 1564 
Derma, 1383 
Descemet's membrane, 1452 
Deutoplasm, 15 
Development of alimentary tract, 1694 

of atlas, 131 

of auditory nerves, 1525 

of axis, 131 

of bone, 94 

of carpus, 313 

of cartilage, 82 

of cerebellum, 1103 

of clavicle, 258 

of coccyx, 131 

of cranial nerves, 1376 

of ear, 1523 

early, 15 

of elastic tissue, 77 

of ethmoid bone, 194 

of external ear, 1526 

of external genital organs, 2043 

of eye, 1480 

of face, 62 

of Fallopian tube, 1999 

of femur, 359 

of fibrous tissue, 76 

of fibula, 393 

of frontal bone, 197 

of ganglia, ror2 


THIS VOLUME CONTAINS PAGES 996 TO THE END. 


2059 


» 489 


2060 


Development, general, of brain, 1058 
of general body-form, 56 
of glands, 1537 
of hairs, 1401 
of heart, 705 
of humerus, 269 
of hyoid bone, 216 
of inferior turbinate bone, 208 
of innominate bone, 337 
of internal ear, 1523 
of lachrymal bone, 207 
of liver, 1723 
of lunge 1861 
of lymphatic vessels, 939 
of lymph-nodes, 940 ; 
of malar bone, 210 
of mammary glands, 2032 
of maxilla, inferior, 213 
of maxilla, superior, 202 
of medulla oblongata, rror 
of mesencephalon, 1117 
of middle ear, 1525 
of muscle, non-striated, 457 
of muscle, striated, 465 
of nails, 1403 
of nasal bone, 209 
of nerves, 1375 
of nervous tissues, 1009 
of nose, 142 
of occipital a 175 
of oral cavity, 62 
glands, 1589 

of ovary, 1993 

of palate bone, 205 

of pancreas, 1737 

of parietal bone, 199 

of patella, goo 

of pelvis, 344 

of peripheral nerves, rorr 

of peritoneum, 1702 

of pharynx, 1603 

of pituitary body, 1808 

of pons Varolii, 1103 

of prostate gland, 1979 

of radius, 293 

of reproductive organs, 2037 

of respiratory tract, 1861 

of ribs, 153 

of sacrum, 129 

of scapula, 253 

of skin, 1400 

of sphenoid bone, 190 

of spinal cord, 1049 

of spleen, 1787 

of sternum, 157 - 

of suprarenal bodies, 1804 

of sweat glands, 1404 

of sympathetic system, 1013 

of teeth, 1556 

of temporal bone, 184 

of thymus body, 1800 

of thyroid body, 1793 

of tibia, 387 

of ulna, 285 

of urethra, 1938 

of urinary bladder, 1938 
organs, 1934 

of uterus, 2010 

of vagina, 2019 

of veins, 926 

of vertebra, 128 

of vomer, 206 

Diaphragm, 556 
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Diaphragm, lymphatics of, 970 
of pelvis, 1676 
Diaphragma sellz, 1200 
Diaphysis, of bone, 104 
Diarthrosis, 107 
Diencephalon, 1118 
development of, 1193 
Diverticulum of Meckel, 44 
Dorsum sellz, 186 
Douglas, fold of, 522 
pouch of, 174 
Duct or ducts, cochlear, 1517 
of Cuvier, 854 
cystic, 1720 
te pdere d 1955 
artner’s, 2001 
hepatic, 1718 
Miillerian, 2038 
nasal (naso-lachrymal), 1479 
pancreatic, 1736 
paraurethral, 1924 
parotid, 1583 
of Rathke, 2040 
renal, 1894 
spermatic, 1953 
sublingual, 1585 
submaxillary, 1584 
thoracic, 941 
thyro-glossal, 1793 
vitelline, 32 
vitello-intestinal, human, 37 
Wolffian, 1935 
Ductus arteriosus, 723 
endolymphaticus, 1514 
venosus, fissure of, on liver, 1707 
Duodenal glands, 1639 
Duodeno-hepatic ligament, 1644 
Duodeno-jejunal flexure, 1645 
oss, 1647 
Duodenum, 1644 
blood-vessels of, 1649 
interior of, 1648 
lymphatics of, 1649 
nerves of, 1649 
papilla of, 1720 
peritoneal relations of, 1646 
variations of, 1649 
Dupuytren’s contraction, 616 
Dura mater of brain, 1198 
of spinal cord, 1022 





Ear, 1483 
development of, 1523 
external, 1484 
development of, 1526 
internal, 1510 
development of, 1523 


membranous labyrinth of, 1514 


osseous labyrinth of, 1511 
perilymph of, 1514 
lymphatics of, 950 
middle, 1492 
antrum of, 1508 
development of, 1525 
Eustachian tube, 1501 
mastoid cells. 1504 
sigmoid sinus, 1509 
suprameatal triangle, 1510 
suprameatic spine, 1508 
tympanum of, 1492 
Ear-point, 1484 
Ear-wax, 1489 
Ectoblast, 23 
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Egg-nucleus, 16 
Elastic tissue, 76 
development of, 77 
Elastin, 83 
Elbow-joint, 301 
landmarks of, 308 
movements of, 303 
pract. consid., 305 
Embryo, stage of, 56 
Eminentia hypoglossi, 1098 
teres, 1097 
Enamel, 1548 
formation of, 1561 
Enamel-cells, 1561 
Enamel-cuticle, 1550 
Enamel-organ, 1560 
Enarthrosis, 113 
Encephalon, 1055 
End-bulbs of Krause, 1016 
End-knobs of free sensory nerve-endings, 
101s 
Endocardium, 702 
Endolymph of membranous labyrinth, 1514 
Endometrium, 2007 
Endomysium, 458 
Endoneurium, 1006 
Endothelium, 71 
Enophthalmos, 1439 
Ensiform cartilage of sternum, 156 
Entoblast, 23 
Entoskeleton, 84 
Ependymal cells, 1004 
Epicardium, 702 
Epidermis, 1385 
Epididymis, 1947 
appendix of, 1949 
canal of, 1948 
digital fossa of, 1947 
globus major of, 1947 
minor of, 1947 
nerves of, 1948 
structure of, 1947 
vasa abberrantia of, 1950 
vessels of, 1948 
Epiglottis, 1816 
ligaments of, 1817 
movements of, 1817 
Epimysium, 458 
Epineurium, 1006 
Epiphysis, 1124 
ossification of, 98 
Epispadias, 1928 
Epithalamus, 1123 
Epithelium of chorion, 49 
columnar, 69 
glandular, 70 
modified, 70 
pigmented, 70 
specialized, 70 
squamous, 68 
stratified, 68 
transitional, 69 
Epitrichium, 1401 
Eponychium, 1403 
Epoophoron, 2000 
Erythroblasts, 92 
Erythrocytes, 681 
development of, 687 
Ethmoid bone, 191 
articulations of, 194 
bulla of, 194 
cells of, 192 
development of, 194 
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Ethmoid turbinate bone, middle of, 193° 
superior of, 193 
uncinate process of, 193 
Eustachian tube, 1501 
blood-vessels of, 1504 
cartilaginous portion, 1502 
mucous membrane of, 1503 
muscles of, 1503 
osseous portion, 1502 
pract. consid., 1507 
valve, 694 
Exoccelom, 32 
Exophthalmos, 1439 
Exoskeleton, 84 
Eabemhy lower, 332 
jandmarks of, 669 
lymphatics of, 991 
upper, landmarks of, 618 
lymphatics of, 961 
Eye, 1436 
development of, 1480 
lymphatics of, 949 
plica semilunaris of, 1443 
pupil of, 1459 
Eyeball, 1448 
aqueous humor of, 1476 
chamber anterior of, 1476 
posterior of, 1476 
choroid of, 1455 
ciliary body of, 1457 
processes of, 1457 
cornea of, 1450 
fovea centralis of, 1466 
iris of, 1459 
lens, crystalline of, 1471 
macula lutea of, 1466 
movements of, 505 
optic nerve of, 1469 
ora serrata of, 1467 
pract. consid., 1449 
retina of, 1462 
sclera of, 1449 
vascular tunic of, 1454 
vitreous body of, 1473 
Eye-lashes, 1442 
Eyelids, 1441 
blood-vessels of, 1445 
development of, 1483 
lymphatics of, 1445 
nerves of, 1446 
pract. consid., 1446 
structure of, 1443 


Face, 222 
architecture of, 228 
development of, 62 
landmarks of, 246 
muscles and fascia, pract. consid., 492 
pract. consid., 242 
Falciform ligament, 1745 
Fallopian tube, 1996 
changes in, 1999 
course of, 1997 
development of, 1999 
fimbriz of, 1997 
infundibulum of, 1997 
isthmus of, 1997 
lymphatics of, 988 
nerves of, 1999 
pract. consid., 1999 
relations of, 1997 
Fallopian tube, structure of, 1997 
vessels of, 1998 
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Fallopius, aqueduct of, 181 
Falx Perebelll. 1200 
cerebri, 1199 
Fascia or fasciz, 470 
of abdomen, 515 
anal, 1678 
of ankle, pract. consid., 666 
antibrachial, 592 | 
of arm, pract. consid., 589 
of axilla and shoulder, pract. consid., 579 
axillary, 574 
bicipital (semilunar), 586 
brachial, 585 
bucco-pharyngeal, 488 
of buttocks, pract. consid., 641 
of Colles, 562 
of cranium, pract. consid., 489 
cribriform, 635 
crural, 647 
deep, 470 
of back, 508 
cervical, 542 
of hand, 606 
dentata, 1166 
of face, pract. consid., 492 
of foot, pract. consid., 666 
of hip and thigh, pract. consid., 642 
iliac, 624 
infundibuliform, 524 
intercolumnar (external spermatic), 524 
of knee, pract. consid., 645 
lata, 633 
of leg, pract. consid., 665 
obturator, 559 
of orbit, 504 
palmar, 606 
palpebral, 1438 
parotido-masseteric, 474 
pectoral, 568 
pelvic, 558 
perineal, superficial, 562 
plantar, 659 
prevertebral, 543 
rectal, 1678 
recto-vesical, 559 
of scalp, pract. consid., 489 
of Scarpa, 515 
superficial, 470 
of abdomen, 515 
temporal, 475 
transversalis, 520 
Fasciculus, auriculo-ventricular of heart, 701 
posterior longitudinal, 1116 
retroflexus, 1124 
solitarius, 1074 
Fat, orbital, 1437 
Fat-cells, 79 
Fauces, isthmus of, 1569 
pillars of, 1569 
Femoral canal, 625 
ring, 625 
Femur, 352 
development of, 359 
landmarks of, 366 
pract. consid., 361 
structure of, 357 
surface anatomy, 360 
variations, sexual and individual, 359 
Fertilization, 18 
Fibres, intercolumnar, 524 
Fibrin, canalized, of chorion, 49 
Fibro-cartilage, 82 
Fibrous tissue, 74 


THIS VOLUME CONTAINS 


INDEX. 


Fibrous tissue, develo nt of, 76 
Fibula, 390 Ss f 
development of, 393 
landmarks of, 396 
pract. consid., 393 
Fillet, decussation of, 1070 
median, 1115 
Fimbria, 1159 
hippocampi, 1165 
Fissure, calcarine, 1146 
calloso-marginal, 1139 
central, of cerebrum, 1137 
collateral, 1139 
ethmoidal, 1411 
of Glaser, 178 
palpebral, 1441. 
parieto-occipital, 1138 
portal, of liver, 1708 
pterygo-maxillary, 204 
of Rolando, 1137 
sphenoidal, 188 
(sulci) cerebral, 1135 
of Sylvius, 1136 
Fistula, cervical, 61 
Flexure, cephalic, 58 
cervical, of embryo, 59 
dorsal, of embryo, 59 
sacral, of embryo, 59 
Flocculus, 1085 
Foetus, membranes of, 30 
stage of, 63 
eighth month, 66 
week, 64 
fifth month, 66 
week, 6 
fourth might 65 
ninth month, 66 
seventh month, 66 
week, 64 
sixth month, 66 
week, 63 
third month, 65 
Follicles, Graafian, 1988 
Fontana, spaces of, 1452 
Fontanelles, 231 
Foot, articulations of, 440 
as whole, 447 
bones of, 419 
landmarks of, 437 
pract. consid., 436 
joints of, landmarks of, 453 
landmarks of, 672 
muscles of, 659 
and fascie of, pract. consid., 666 
surface anatomy, 449 
synovial cavities of, 447 
Foramen or foramina, cecum, 1574 
ethmoidal, anterior, 192 


sterior, 192 

dugitar: 220 
of Luschka, 1100 
of Majendie, 1100 
mastoid, 180 
of Monroe, 1131 
optic, 189 
ovale, 188 

of heart, 695 
pterygo-spinosum, 190 
rotundum, 187 
sacro-sciatic, great, 342 

lesser, 341 
sphenoidal, 187 
spheno-palatine, 204 
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Foramen or foramina, spinosum, 188 
stylo-mastoid, 182 
thyroid (obturator), 337 
of vena cava, of diaphragm, 557 
of Vesalius, 188 
of Winslow, 1746 
Forceps anterior, of corpus callosum, 1157 
posterior, of corpus callosum, 1158 
Forearm, 281 
as whole, 299 
intrinsic movements of, 299 
motion of on humerus, 303 
pract. consid., 603 
Fore-brain, 1059 
Formatio reticularis, 1076 
reticularis alba, 1076 
grisea, 1074 
Fornix, 1158 
pillars of, anterior, 1159 
sterior, 1159 
Fossa or fossz, 
duodeno-jejunal, 1647 
glenoid, 178 
hyaloidea, 1473 
ileo-czecal, 1666 
infraspinous, 250 
inguinal, inner, 526 
lateral, 1743 
median, 1742 
outer, 526 
interpeduncular, 1107 
intersigmoid, 1671 
ischio-rectal, 1678 
jugular, 182 
nasal, 1409 
navicular of urethra, 1924 
ovalis, 695 
ovarian, 1986 
pararectal, 1744 
paravesical, 1744 
pericecal, 1666 
pineal, 1106 
pituitary, 186 
retro-colic, 1667 
of Rosenmiiller, 1598 
spheno-maxillary, 227 
subscapular, 249 
supraspinous, 250 
supratonsillar, 1600 
Spee veateehs 526 
Sylvii, 1137 
temporal, 218 
zygomatic, 227 
Fourchette, 2022 
Fourth ventricle, 1096 
choroid plexus of, 1100 
floor of, 1096 
roof of, 1099 
Fovea centralis, 1466 
vagi, 1098 
Frenulum of Giacomini, 1166 
Frenum of prepuce, 1966 
of tongue, 1573 
Frontal bone, 194 
articulations of, 197 
development of, 197 
lobe, 1139 
sinus, 1423, 226 (bony) 
Fundamental embryological processes, 26 
Funiculus cuneatus, 1066 
gracilis, 1066 
of Rolando, 1067 
Furrows, visceral, 59 


Furrows, visceral, external, 61 
external, first, 61 
inner, 61 
inner, fourth, 62 
inner, second, 62 
inner, third, 62 


Galen, vein of, 856 
Gall-bladder, 1719 
j cystic duct of, 1720 
fossa of, 1708 
lymphatics of, 981 
nerves of, 1720 
pract. consid., 1729 
vessels of, 1719 
Ganglion or ganglia, 1007 
asal, 1169 
cervical inferior (sympathetic), 1362 
middle (sympathetic), 1362 
superior (sympathetic), 1359 
ciliary, 1236 
coccygeal (impar), sympathetic, 1367 
development of, 1012 
Gasserian, 1232 
t geniculate, 1252 
habenule, 1123 
interpeduncular, 1124 
jugular, of glosso-pharyngeal, 1263 
= of vagus, 1267 
lenticular, 1236 
mesenteric, inferior, 1373 
superior, 1372 
nodosum of vagus, 1268 
ophthalmic, 1236 
otic, 1246 
petrous, of glosso-pharyngeal, 1264 
semilunar, sympathetic, 1369 
spheno-palatine, 1240 
spinal, 1279 
spiral, 1257 
spirale of cochlea, 1522 
splanchnic, great, sympathetic, 1365 
submaxillary, 1247 
sympathetic, 1009 
of sympathetic system, 1356 
vestibular, 1259 
Ganglion-crest, 1012 
Gartner's duct, 2001 
Gasserian ganglion, 1232 
Gastric glands, 1623 
Gastro-pulmonary system, 1527 
Gastrula, 25 
Gelatin, 83 
Geniculate bodies, lateral, 1107 
median, 1107 
(internal) internal structure of, rr10 
ganglion, 1252 
Genital cord, 2038 
folds, 2043 
organs, external, development of, 2043 
female, 2021 
pract. consid., 2027 
ridge, 2038 
tubercle, 2043 
Genu of corpus callosum, 1155 
Germinal spot, 16 
Gestation, ectopic, 1999 
Giacomini, frenulum of, 1166 
Gianuzzi, crescents of, 1534 
Gimbernat, ligament of, 523 
Ginglymus, 113 
Giraldes, organ of, 1950 
Glabella, 228 
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Gladiolus of sternum, 155 Gyrus or gyri, development of, 11y0 
Gland or glands, 1531 hippocampal, 1151 
alveolar (saccular) compound, 1535 
(saccular) simple, 1535 Hair-cells (auditory) inner, 1520 
anal, 1674 outer, 1520 
areolar, 2028 Hair-follicle, 1392 
of Bartholin, 2026 blood-vessels of, 1394 
blood-vessels of, 1535 nerves of, 1394 
of Bowman, 1415 Hairs, 1389 
of Brunner, 1639 atrangement of, 1391 
cardiac of stomach, 1624 development of, 1401 
ceruminous, 1489 growth of, 1402 
ciliary, 1400 structure of, 1391 
circumanal, 1400 whorls of, 1391 
of Cowper, 1984 Hair-shaft, 1391 
cutaneous, 1397 Hamular process of inner pterygoid plate, 189 
development of, 1537 Hamulus of bony cochlea, 1514 
gastric, 1623 Hand, 309 
of Henle, 1445 deep fascia of, 606 
of intestines, 1637 landmarks of, 320 
of Krause, 1445 lymphatics of, 964 
lachrymal, 1477 muscles of, 606 
ucts of, 1477 pract. consid., 613 
of Lieberkuhn, 1637 surface anatomy of, 328 
lymphatics of, 1536 y Harelip, 1589 
mammary, 2027 Haversian canals of bone, 88 
Meibomian (tarsal), 1444 system of bone, 86 
of Moll, 1444 Hassall, corpuscles of, 1799 
of Montgomery, 2028 E Head, movements of, 142 
mucous, 1534 Heart, annuli fibrosi of, 698 
nerves of, 1536 annulus ovalis, 695 
parotid, 1582 of Vieussens, 695 
prostate, 1975 architecture of walls, 700 
pyloric, 1624 auricles of, 693 
salivary, 1582 blood-vessels of, 703 
sebaceous, 1397 canal auricular of, 705 
Serdus, 1534 chambers of, 693 
sexual, development of, 2038 chordz tendinee of, 697 
sublingual, 1585 column carnez of, 697 
submaxillary, 1583 development of, 705 
sweat, 1398 endocardium of, 702 
blood-vessels of, 1400 epicardium of, 702 
development of, 1404 fasciculus auriculo-ventricular, 7or 
duct of, 1399 foramen ovale of, 695 
nerves of, 1400 fossa ovalis of, 695 
structure of, 1399 general description of, 689 
of tongue, 1575 His's bundle, 701. 
tubo-alveolar, 1532 lymphatics, 703 
tubular, compound, 1532 muscle of, 462 
simple, 1532 muscles, pectinate of, 695 
of Tyson, 1966 nerve-endings in, 1015 
unicellular, 1531 nerves of, 704 
of Zeiss, 1444 position of, 692 
Glans of clitoris, 2024 practical considerations, 710 
penis, 1968 Telations of, 693 
Glaser, fissure of, 178 septum, aortic, 707 
Glisson's capsule of liver, 1708 auricular of, 694 
Globus pallidus, 1170 ‘ intermedium, 706 
Goblet-cells, 70 interventricular of, 696 
Golgi-Mazzoni corpuscles, 1019 primum, 706 
Gonion, 228 secundum, 708 
Graafian follicles, 1988 spurium, 707 
Grandry, corpuscles of, 1016 Thebesian veins of, 694 
Growth, 6 tubercle of Lower, 695 
of bone, ror valves, Eustachian, 694 
Gudden, inferior commissure of, t110 auriculo-ventricular, 699 
Gums, 1567 mitral, 699 
lymphatics of, 951 position of, 692 
pract. consid., 1590 structure of, 703 
Gustatory cells, 1435 Thebesian, 695 
Gyrus or gyri, callosal (fornicatus), 1150 tricuspid, 699 
(convolutions) cerebral, 1135 vein, oblique of, 695 
dentate, 1166 ventricles of, 696 
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Heidenhain, demilunes of, 1534 
Helicotrema, 1514 
Helix, 1484 
Hemispheres, association fibres of, 1182 
of cerebellum, 1082 
cerebral, 1133 
commiss: fibres of, 1184 
lobes of, 1139 
projection fibres of, 1186 
white centre of, 1182 
Henle, glands of, 1445 
loop of, 1881 
Hensen, node of, 25 
Herbst, corpuscles of, 1019 
Hernia, abdominal, 1759 
diaphragmatic, 1778 
femoral, 1773 
funicular, 1768 
infantile, 1767 
inguinal, 1763 
direct, 1770 
indirect, 1766 
internal (intra-abdominal retroperito- 
neal), 1779 
unter parietal, 1768 
labial, 1769 
lumbar, 1777 
obturator, 1777 
perineal, 1778 
sciatic, 1778 
scrotal, 1769 
umbilical, 1775 
acquired, 1776 
congenital, 1775 
ventral, 1776 
Hesselbach, ligament of, 525 
triangle of, 526 
Hiatus, aortic, of diaphragm, 557 
Fallopii, 181 
cesophageal, of diaphragm, 557 
semilunaris, of nasal cavity, 194 
of nose, 1411 
Highmore, antrum of, 1422 
Hind-brain, 1061 
Hip, landmarks of, 669 
muscles and fasciz of, pract. consid., 642 
Hip-joint, 367 
movements of, 373 
pract. consid., 374 . 
synovial membrane of, 372 
Hippocampus, 1165 
His's bundle, of heart, 7or 
Histogenesis of neuroglia, 1010 
of neurones, 1o11 
Homologue, 4 
Horner, muscle of, 484 
Howship, lacunz of, 97 
Humerus, 265 
development of, 269 
pract. consid., 270 
sexual differences, 269 
structure of, 269 
surface anatomy, 270 
Humor, aqueous, 1476 
Hunter's canal, 628 
Hyaloid canal, 1474 
Hyaloplasm, 8 
Hydatid of Morgagni, 2002 
Hydramnion, 42 
Hymen, 2016 
Hyoid bone, 216 
development of, 216 
Hyomandibular cleft, 61 
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| Hiypogesteic lymphatic plexus, 984 


ypophysis, 1806 
Hypospedias. 1927 
Hypothalamus, 1127 
Hypothenar eminence, 607 


Ileo-cecal fosse, 1666 
valve, 1661 
Ilio-femoral ligament, 369 
liio-pectineal line, 334 
Ilio-tibial band, 634 
Tlium, 332 
Implantation, 35 
Impregnation, 18 
Incisor teeth, 1543 
Incus, 1497 
Inferior caval system of veins, 898 
Infundibulum, 1129 
of nasal cavity, 194 
of nose, 1411 
Inguinal canal, 523 
lymphatic plexus, 991 
Inion, 228 
Innominate bone, 332 
development of, 337 
structure of, 337 
Insula, 1149 
Intersigmoid fossa, 1671 
Intervertebral disks, 132 
Intestine or intestines, development and 
growth of, 1671 
pends of, 1637 


large, 1657 
appendices pe ge 1660 
blood-vessels of, 1660 


glands of Lieberkuhn of, 1657 
lymphatics of, 1660 
lymphatic tissue of, 1658 
nerves of, 1660 
pract. consid., 1680 
structure of, 1657 
tenia coli of, 1660 
lymph-nodules of, 1640 
small, 1633 
blood-vessels of, 1642 
glands of Lieberkuhn of, 1637 
lymphatics of, 1643 ~ 
nerves of, 1643 
Peyer's patches of, r640 
pract. consid., 1652 
structure of, 1634 
valvulz conniventes of, 1636 
villi of, 1635 
solitary nodules of, 1640 
Involuntary muscle, 1015 
Iris, 1459 
pract. consid., 1461 
structure of, 1460 
Irritability, 6 
Ischio-rectal fossa, 1678 
Ischium, 336 
Islands of Langerhans, 1735 
of Reil, 1149 
Isthmus of fauces, 1569 
rhombencephali, ro61 


Jacobson’s nerve, 1264 
organ, 1417 
development of, 1432 
Jejuno-ileum, 1649 
blood-vessels of. 1652 
lymphatics of, 1652 
mesentery of, 1650 
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Jejuno-ileum, nerves of, 1652 
topography of, 1650 
Joint or joints, of ankle, 438 
calcaneo-astragaloid, posterior, 445 
calcaneo-cuboid, 446 
calcaneo-scapho-astragaloid, anterior, 
445 
capsule of, 110 
of carpus, metacarpus and phalanges, 
pract. consid., 330 
costo-central, 160 
costo-sternal, 160 
motions in, 166 
costo-transverse, 160 
costo-vertebral, motions in, 165 
crico-arytenoid, 1816 
crico-thyroid, 1815 
elbow, 301 
fixed, 107 
neral considerations, 107 
alte 108 
of hip, 367 
inforchondeal, 160 
intersternal, 159 
motions in, 165 
of knee, 400 
limitation of motion, rr2 
metatarso-phalangeal, 447 
modes of fixation, 112 
of pelvis, 337 
of pelvis, pract. consid, 350 
radio-ulnar, 297 
inferior, pract. consid., 308 
saddle, 113 
scapho-cubo-cuneiform, 446 
of shoulder, 274 
synovial membrane of, 110 
tarso-metatarsal, 446 
of tarsus, metatarsus and phalanges, 
pract. consid., 45 
true, 108 
motion in, 112 
structure of, 109 
varieties of, 113 
vessels and nerves of, 111 
jugular ganglion, of glosso-pharyngeal, 1263 
of vagus, 1267 
plexus, lymphatics, 956 


Karyokinesis, 11 

Karyosomes, 9 

Kidney or kidneys, 1869 
architecture of, 1875 
blood-vessels of, 1884 
capsule of, 1869 
cortex of, 1876 
development of, 1937 
ducts of, 1894 
fixation of, 1871 
glomeruli of, 1876 
hilum of, 1869 
labyrinth of, 1876 
lobule of, 1875 
loop of Henle of, 1881 
lymphatics of, 1885 
Malpighian body of, 1879 
medulla of, 1876 
medullary rays of, 1876 
movable, 1888 
nerves of, 1886 
papille of, 1875 
papillary ducts of, 1882 
pelvis of, 1894 


| Kid: 


ney or kidneys, position of, 1870 

pract. consid., 1887 

pyramids of, 1876 

relations of, 1873 

sinus of, 1874 

structure of, 1877 

supporting tissue of, 1883 

surfaces of, 1869 

tubule, collecting of, 1882 
connecting of, 1882 
distal convoluted of, 1882 
proximal convoluted of, 1880 
spiral of, 1880 
uriniferous of, 1877 


Knee, landmarks of, 671 


muscles and fasciz of, pract. consid., 645 


Knee-joint, 400 


Kra 


burse of, 406 

capsule of, 400 

landmarks of, 416 

movements of, 408 

pract. consid., 409 

semilunar cartilage of, 402 

synovial membrane of, 405 

use, end-bulbs of, 1016 
lands of, 1445 


Kupfer, cells of, 1717 


Labi 


Lab 


ia major, 2021 

minora, 2022 

nerves of, 2024 

vessels of, 2023 

yrinth, membranous, 1514 
blood-vessels of, 1522 
canalis reuniens of, 1515 
cochlea of, 1517 
ductus endolymphaticus of, 1514 
endol an eh of, 1514 
maculz acustice of, 1516 
saccule of, 1515 
semicircular canals cf, 1515 
utricle of, 1514 

osseous, 1511 
cochlea of, 1513 
semicircular canals of, 1512 
vestibule of, 1511 


Lachrymal apparatus, 1477 


pract. consid., 147 
bone, 207 . ? 
articulations of, 207 
development of, 207 
canaliculi, 1478 
caruncle, 1443 
gland, 1477 
lake, 1443 
papilla, 1478 
puncta, 1478 
sac, 1478 


Lactation, 2029 
Lacteals, 1643 
Lacune, of bone, 86 


of cartilage, 80 
of Howship, 97 


Lambda, 228 
Lamina cinerea (terminalis), 1130 


Lan 


fusca, 1450 
suprachoroidea, 1456 
dmarks, of abdomen, 531 
of ankle and foot, 672 
of bones of foot, 437 

of buttocks and hip, 669 
of clavicle, 260 

of elbow-joint, 308 
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Landmarks, of face, 246 
of femur, 366 
of fibula, 396 
of hand, 320 
of joule of foot, 453 
of knee, 671 
of knee-joint, 416 
of leg, 671 
of lower extremity, 669 
of male perineum, 1918 
of neck, 554 
of pelvis, 349 
of radius, 296 
of scapula, 255 
of shoulder-joint, 280 
of skull, 240 
of spine, 146 
of surface of thorax, 1868 
of thigh, 670 
of thorax, 170 
of tibia, 390 
of ulna, 287 
of upper extremity, 618 
of wnst-joint, 330 
Langerhans, islands of, 1735 
Lanugo, 66 
Laryngo-pharynx, 1598 
Larynx, 1813 
age changes of, 1828 
arytenoid cartilages of, 1816 
cornicule laryngis, 1817 
cricoid cartilage of, 1813 
cuneiform cartilages of, 1817 
development of, 1862 
elastic sheath of, 1817 
epiglottis, 1816 
form of, 1818 
lymphatics of, 958 
mucous membrane of, 1823 
muscles of, 1824 
nerves of, 1827 
ossification of, 1818 
position and relations of, 1828 
pract. consid., 1828 
region, glottic of, 1820 
infraglottic of, 1823 
supraglottic of, 1818 
sexual differences of, 1828 
thyroid cartilage of, 1814 
ventricle (sinus) of, 1822 
vessels of, 1826 
vocal cords, false of, 1820 
true of, 1820 
ligaments of, 1818 
Leg, bones of, as one apparatus, 397 
surface anatomy, 397 
framework of, 382 
landmarks of, 671 
lymphatics, deep of, 994 
superficial of, 993 
muscles and fasciz of, pract. consid., 665 
Lens, crystalline, 1471 
development of, 148: 
pract. consid., 1473 
suspensory apparatus of, 1475 
Leptorhines, 1404 
Leucocytes, 684 
development of, 688 
varieties of, 685 
Lieberkuhn, glands of, 1637 
Lieno-phrenic fold, 1785 
Ligament or ligaments, 112 
alar, of knee-joint, 405 
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Ligament or 


i 
pale, 647 
of wrist, 325, 607 
posterior, of wrist, 325 
annular, of wrist, 607 
arcuate, external, 557 
internal, 557 
atlanto-axial, anterior, 137 
atlanto-axial, posterior, 137 
of auricle, 1486 
broad, of uterus, 2004 
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ligaments, anterior annular, ot 


broad, vesicular appendages of, 2002 


check, of orbit, 1438 
of Colles, 523 


common anterior and posterior, of spine, 


133 i 
coraco-acromial, 256 
coraco-clavicular, 262 

conoid part, 262 
trapezoid part, 262 
coronary, of liver, 1721 


costo-clavicular or rhomboid, 262 


cotyloid, of hip-joint, 367 
crucial, of knee-joint, 404 
cruciform, of axis, 136 


deltoid (lat. int.) of ankle-joint, 439 


denticulate, of spinal cord, 1023 


duodeno-hepatic, 1644 
dorsal, of foot, 442 
of epiglottis, 1817 
external check, of eyeball, 505 
falciform, 1745 

of liver, 1721 
gastro-phrenic, 1747 
of Gimbernat, 523 
of Hesselbach, 525 
ilio-femoral, 369 
ilio-lumbar, 339 
interclavicular, 262 
interosseous, of foot, 441 
interspinous, 134 
intertransverse, 135 
ischio-femoral, 370 


of laminz and processes of vertebra, 133 


lieno-renal, 1747 
of liver, 1721 
nuche, 134 


occipito-atlantal, accessory, 137 


anterior, 137 
posterior, 137 
occipito-axial, 137 
odontoid, or check, 136 
orbicular, of radius, 297 
of ovary, 1987 
palpebral, 1441 
internal, 484 
patellz, 400 
pectinate of iris, 1452 
of pelvis, 337 
of pericardium, 716 
plantar, 444 
of Poupart, 528 
pterygo-mandibular, 488 
radio-ulnar, 297 
round, of hip-joint, 370 
of liver, 1721 
of uterus, 2005 
sacro-iliac, posterior, 338 
sacro-sciatic, 339 
great or posterior, 339 
lesser or anterior, 341 
of scapula, 256 
of shoulder-joint, 274 


2068 


Ligament or sigamente, spino-glenoid, 257 


stylo-man 
subflava, 4 3 
suprascapular or transverse, 256 
supraspinous, 133 
suspensory, of lens, 1475 
of orbit, 1438 
of ovary, 1986 
thyro-arytenoid, inferior, 1818 
superior, 1817 
thyro-hyoid, 1815 
transverse, of atlas, 136 
triangular, of liver, 1721 
of perineum, 563 
of vertebral bodies, 132 
of Winslow, of knee-joint, 401 
of wrist and metacarpus, 320 
Limb, lower, muscles of, 623 
Limbic lobe, 1150 
Linea alba, 522 
semilunaris, of abdomen, 532 
transverse, of abdomen, 532 
Linin, 9 
Lips, 1538 
lymphatics of, 951 
muscles of, 1540 
nerves of, 1542 
pract. consid., 1590 
vessels of, 1542 
Liquor amnii, 31 
pericardii, 714 
Littre, glands of, 1925 
Liver, 1705 
bile-capillaries of, 1715 . 
biliary apparatus, 1718 
blood-vessels of, 1709 
borders of, 1707 
caudate lobe of, 1709 
cells of Kupffer, 1717 
common bile-duct, 1720 
cystic duct of, 1720 
development and growth of, 1723 
fissure of ductus venosus of, 1707 
fossa for gall-bladder of, 1708 
all-bladder of, 1719 
lisson's capsule of, 1708 
hepatic artery of, 1711 
ducts of, 1718 
veins of, 1710 
impression, cesophageal of, 1708 
renal of, 1709 


ibular, 475 
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Liver, structure of, 1712 


sublobular veins of, 1710 

surfaces of, 1707 

tuber omentale of, 1709 

umbilical fissure of, 1708 
notch of, 1707 

weight of, 1706 


Liver-cells, 1714 
Lobe or lobes, cerebral, 1135 


frontal, 1139 

of hemispheres, 1139 
limbic, 1150 
occipital, 1145 
olfactory, 1151 
parietal, 1143 
temporal, 1147 


Lobule of auricle, 1484 

Loin, pract. consid., 530 

Lanabar pices, Ayn pia 
umbar plexus, lymphatic, 973 

Lumbo-sacral cord, 1331 

Lung or lungs, 1843 


air-sacs of, 1850 

alveoli of, 1850 

atria of, 1850 

blood-vessels of, 1853 

borders of, 184 

development ats 1861 

external appearance of, 1846 

fissures of, 184 

ligament road of; 1858 

lobes of, 1845 

lobule of, 1849 

nerves of, 1855 

physical characteristics of, 1846 

pract. consid., 1864 

relations to chest-walls, changes in, 1863 
to thoracic walls, 1855 

roots of, 1838 
dimensions of, 1840 
nerves of, 1839 
relations of, 1840 

structure of, 1851 

surfaces of, 1843 

vessels of, 1839 


Lunula, of nail, 1395 
Luschka, foramina of, 1100 


gland of, 1810 


Lutein cells, 1990 
Luys, nucleus of, 1128 
Lymphatic or lymphatics, of abdomen, 972 


intralobular connective tissue of, 1717 


bile-ducts of, 1717 
veins of, 1710 
ligaments of, 1721 
coronary, 1721 
falciform, 1721 
round, 1721 
triangular, 1721 
lobes of, 1706 
lobular blood-vessels of, 1713 
lobules of, 1712 
lymphatics of, 1711 
nerves of, 1711 
non-peritoneal area of, 1707 
peritoneal relations of, 1721 
portal (transverse) fissure of, 1708 
vein of, 1709 
position of, 1722 
pract. consid., 1726 
quadrate lobe of. 1709 
size of, 1706 
Spigelian lobe of, 1707 


of abdominal walls, 976 

of arm, deep, 965 
superficial, 963 

of bile-duct, 981 

of bladder, 985 

of bone, 93 

of brain, 948 

of brain and meninges, 948 

broncho-mediastinal trunk, 968 

capillaries, 933 

of cervical skin and muscles, 958 

of cheeks, 951 

of diaphragm, 970 

duct, right, 945 

of ear, 950 

of eye and orbit, 949 

of eyelids, 1445 

of Fallopian tubes, 988 

of gall-bladder, 981 

of glands, 1536 

of gums, 951 

of hand, 964 
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Lymphatic or lymphatics, of the head, 945 


of heart, 970 
hemolymph nodes, 936 
intercostal, 969 
of intestine, large, 978 

small, 977 
jugular trunk, 958 
of kidney, 982 
lacteals, 9331 
of larynx, 958 
of leg, deep, 994 
superficial, 993 
of lips, 951 
of liver, 980 
of lower extremity, 991 
mammary gland, 968 
of meninges, 948 
of muscle, non-striated, 456 
of nasal fossa, 1426 
region, 951 
nodes, 935 
of nose, 1407 
of cesophagus, 971 
of palate, 954 
of pancreas, 979 
of pelvis, 983 
of pericardium, 716 
of perineum, 987 
of pharynx, 954 
of prostate gland, 985 
of rectum, 1680 


INDEX. 


of reproductive organs, external, fe- ° 


male, 987 

external, male, 986 
internal, female, 988 
internal, male, 987 

of retina, 1468 

of scalp, 948 

of seminal vesicles, 988 

of skin, 1388 

of small intestine, 1643 

of spleen, 982 

of stomach, 976 

of striated muscle, 464 

subclavian trunk, 963 

of suprarenal body, 983 

system, 931 

of teeth, 951 

+ of seen OEY 

thoracic duct, 941 

pract. consid., 944 

of thorax, 966 

cutaneous, 968 

of thyroid gland, 959 

of tongue, 952 

of tonsils, 954 

of trachea, 958 

of upper extremity, 961 

of ureter, 982 

of urethra, 986 

of uterus, 989 

of vagina, 989 

of vas deferens, 988 

vessels, development of, 939 


Lymph-nodes, brachial, deep, 961 


superficial, 961 
bronchial, 967 
buccinator, 947 
cervical, deep, inferior, 958 
superior, 957 
of Cloquet, 992 
ceeliac, 973 
delto-pectoral, 961 
development of, 940 
epigastric, 972 
epitrochlear, 961 
facial, 947 
gastric, 974 
of head, pract. consid.; 955 
hepatic, 975 
hypogastric, 984 
iliac, circumflex, 972 
internal, 984 
inguinal, 991 
intercostal, 966 
of intestine, 1640 
jugular plexus, 956 
of leg, pract. consid., 994 
lingual, 947 
mammary, internal, 966 
mandibular, 947 
mastoid, 945 
maxillary, 947 
mediastinal, anterior, 967 
posterior, 967 
mesenteric, 975 
mesocolic, 976 
of neck, 956 
pract. consid., 959 
occipital, 945 
pancreatico-splenic, 975 
parotid, 946 
pectoral, 962 
of pelvis, pract. consid., 990 
popliteal, 992 
posterior auricular, 945 
retro-pharyngeal, 948 
of Rosenmiiller, 992 
sternal, 966 
structure of, 937 
submaxillary, 946 
submental, 946 
subscapular, 962 
superficial cervical, Q 56 
thorax, pract. consid., 971 
tibial, anterior, 993 
tracheal nodes, 967 
umbilical, 972 


Lymph-nodules, 936 
Lymphocytes, 931 


Lymphoid structures of pharynx, 1599 


varieties of, 685 


tissue, structure of, 936 


. Lymph-spaces, 931 


Lymph-vessels, 934 
Lyra, 1158 


Macula lutea, 1466 


Lymph-corpuscles, 931 Maculz acustice, 1516 
Lymph-nodes, of abdomen, pract. consid.,g90 ; Majendie, foramen of, 1100 
abdominal, visceral, 974 Maxilla, inferior, 211 
ano-rectal, 976 development of, 213 
anterior auricular, 946 structure of, 213 
appendicular, 975 superior, 199 
of arm, pract. consid.. 965 antrum of, 201 
of axilla, pract. consid., 965 articulations of, 202 
axillary, 961 development of, 202 
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Maxillary sinus, 1422 
Malar bone, 209 
articulations of, 210 
development of, 210, 2032 
Malleus, 1497 
Malphighian bodies of spleen, 1784 
Mammary glands, 2027 
development of, 2032 
lymphatics, 968 
nerves of, 2032 
pract. consid., 2033 
structure of, 2029 
variations of, 2033 
vessels of, 2031 
Manubrium of sternum, 155 
Marrow, of bone, 90 
Mast-cells of connective tissue, 74 
Mastoid cells, 1504 
pract. consid., 1508 
process, pract. consid., 1508 


INDEX. 


subdivision, of petro-mastoid bone, 179 


Maturation of ovum, 16 
Meatus, auditory, internal, 181 
inferior, of nose, 1412 
taiddle, of nose, 1411 
superior, of nose, 1411 
Meckel, diverticulum of, 44 
Mediastinum, anterior, 1833 
middle, 1833 
posterior, 1833 
pract. consid., 1833 
superior, 1833 
Medulla oblongata, 1063 
central gray matter of, 1073 
development of, rror 
internal structure of, 1068 
Medullary folds, 26 
groove, 26 
sheath, roor 
velum, inferior, 1099 
superior, 1099 
Medullated fibres, 1003 
Megakaryocytes, 689 
Meibomian (tarsal) glands, 1444 
Meissner, corpuscles of, 1017 
lexus of, 164 
Membrane or membranes, Bowman's, 
1451 
of Bruch, 1456 
cloacal, 1939 
costo-coracoid, 568 
crico-thyroid, 1815 
of Demours, 1452 
Descemet’s, 1452 
fenestrated, 77 
foetal, 30 
human, 35 
chief peculiarities of, 39 
hyaloid, 1474 
interosseous, of tibia and fibula, 396 
mucous, 1528 
obturator, 341 
pharyngeal, 1694 
pleuro-pericardial, 1700 
pleuro-peritoneal, 1700 
of Ruysch, 1456 
of spinal cord, 1022 
synovial, of joint, 110 
tectoria, 1521 
thyro-hyoid, 1815 
of tympanum, 1494 
vitelline, 15 
vitrea, 1456 


Meninges of brain, pract. consid., 1208 
lymphatics of, 948 
Menstruation, 2012 
Merkel, tactile cells of, 1016 
Mesencephalon, 1105 
development of, 1117 
internal structure of, 1109 
Mesenteries, 1741 
Mesenterium commune, 1697° 
Mesentery, anterior, 1744 
of appendix, 1665 
of jejuno-ileum, 1650 
permanent, 1752 
posterior, part ist, 1746 
part and, 1751 
part 3rd, 1753 
primitive, 1697 
Meso-appendix, 1665 
Mesoblast, 23 
lateral plates of, 29 
paraxial, 29 
parietal layer, 29 
visceral layer, 29 
Mesogastrium, 1697 
Mesognathism, 229 
Mesometrium, 2005 
Mesonephridium, 2040 
Mesonephros, 1935 
Mesorchium, 2040 
Mesorhines, 1404 
Mesosalpinx, 1996 
Mesotendons, 471 
Mesothelium, 71 
Mesovarium, 1987, 2040 
Metabolism, 6 
Metacarpal bones, 314 
development of, 317 
peculiarities of, 315 
Metacarpo-phalangeal articulations, 327 
Metacarpus, pract. consid., 319 
Metanephros (kidney), 1937 
Metaphase of mitosis, 12 
Metaplasm, 8 
Metatarsal bones, 428 
development of, 432 
Metathalamus, 1126 
bd Maal commissure of, 1115 
Mid-brain, 1061 
Milk, 2030 
Milk-ridge, 2032 
Mitosis, 11 
anaphases of, 13 
metaphase of, 12 
prophases of, 12 
telophases of, 13 
Molar teeth, 1546 
Moll, glands of, 1444 
Monorchism, 1950 
Monroe, foramen of, 1131 
Mons pubis, 2021 
veneris, 2021 
Montgomery, glands of, 2028 
Morgagni, columns of, 1674 
hydatid of, 2002 
sinus of, 497 
valves of, 1674 
Morula, 22 
Mouth, 1538 
floor of, pract. consid., 1593 
formation of, 1694 
pract. consid., 1589 
roof of. 228 
pract. consid., 1599 
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Mouth, vestibule of, 1538 Muscle or muscles, dorsal, of trunk, 507 
Mucoid, 83 of Eustachian tube, 1503 
Mucous membranes, 1528 extensor brevis digitorum, 665 
structure of, 1528 pollicis, 602 
Miillerian duct, 2038 carpi radialis brevior, 598 
Muscle or muscles, abdominal, 515 longior, 598 
abductor hallucis, 661 ulnaris, 601 
minimi digiti, 608 communis digitorum, 599 
minimi, of foot, 662 indicis, 603 
pollicis, 608 longus digitorum, 655 
adductor brevis, 626 longus hallucis, 656 
hallucis, 662 pollicis, 603 
longus, 626 minimi digiti, 600 
magnus, 628 ossis metacarpi pollicis, 602 
pollicis, 610 of face, pract. consid., 492 
anconeus, 589 facial, 479 
of ankle, pract. consid., 666 femoral, 633 
antibrachial, 591 post-axial, 638 
post-axial, 598 pre-axial, 636 
pre-axial, 592 flexor accessorius, 654 
of anus, 1675 brevis digitorum, of foot, 660 
eppcodicular, 566 hallucis, 660 
of arm, pract. consid., 589 minimi digiti, 609 
arytenoid, 1826 digiti of foot, 664 
of auricle, 1486 pollicis, 608 
auricularis anterior, 483 carpi radialis, 593 
posterior, 483 radialis brevis, 597 
superior, 483 ulnaris, 594 
axial, 502 longus digitorum, 651 
of axilla and shoulder, pract. consid., | hallucis, 651 
579 : pollicis, 596 
azygos uvulz, 496 profundus digitorum, 595 
biceps, 586 sublimis digitorum, 595 
femoris, 636 of foot, 659 
brachial, 585 post-axial, 665 
post-axial, 588 pract. consid., 666 
pre-axial, 586 pre-axial, 659 
brachialis anticus, 586 gastrocnemius, 649 
brachio-radialis, 598 gemelli, 630 
branchiomeric, 474 genio-glossus, 1578 
buccinator, 488 genio-hyoid, 1578 
bulbo-cavernosus, 565 genio-hyoideus, 545 
of buttocks, pract. consid., 641 gluteus maximus, 630 
cardiac, 462 medius, 631 
cervical, 542 minimus, 633 
chondro-glossus, 1578 gracilis, 626 
ciliary, 1458 of hand, 606 
coccygeus, 561, 1676 pre-axial, 607 
compound pinnate, 469 of hip and thigh, pract. consid., 642 
compressor urethra, 565 hypoglossal, 506 
constrictor inferior of pharynx, 1606 hyo-glossus, 1578 
middle of pharynx, 1605 hyoidean, 480 
pharyngis inferior, 499 variations of, 480 
medius, 498 iliacus, 624 
superior, 497 ilio-costalis, 508 
superior of pharynx, 1604 infraspinatus, 576 
coraco-brachialis, 575 intercostales externi, 538 
of cranium, pract. consid., 489 interni, 539 
cremaster, 519 interossei dorsales of foot, 664 
crico-arytenoid lateral, 1825 of hand, 613 
posterior, 1825 plantares, 663 
crico-thyroid, 1824 volares, 612 
crural, 647 interspinales, 513 
post-axial, 655 intertransversales, 513 
pre-axial, 648 anteriores, 547 
crureus, 640 laterales, 521 
dartos, 1963 intratympanic, 1499 
deltoideus, 578 involuntary, arrectores pilorum, 1394 
depressor anguli oris, 487 nerve-endings of, 1015 
labii inferioris, 485 ischio-cavernosus, 564 
diaphragma, 556 of knee, pract. consid., 645 
digastricus, 477 of larynx, 1824 
dilator pupillz, 1460 latissimus dorsi, 574 
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Muscle or muscles, of leg, pract. consid., 


665 
levator anguli oris, 487 
scapula, 571 
ani, 560, 1675 
labii superioris, 487 


labii superioris aleque nasi, 485 


menti (superbus), 485 
palati, 496, 1571 
palpebre superioris, 502 
levatores costarum, 540 
lingualis, 1579 
of lips, 1540 
longissimus, 510 
longus colli, 548 
of lower limb, 623 
lumbricales, of hand, 610 
of foot, 662 
masseter, 474 
of mastication, 474 
variations of, 477 
metameric, 502 
multifidus, 512 
mylo-hyoideus, 477 
nasalis, 486 
non-striated, blood-vessels of, 456 
development of, 457 
(involuntary), 454 
lymphatics of, 456 
nerves of, 456 
structure of, 455 
obliquus capitis inferior, 514 
superior, 514 
externus, 517 
inferior, 504 
internus, 517 
superior, 504 
obturator externus, 629 
internus, 629 
occipito-frontalis, 482 
omo-hyoideus, 544 
opponens minimi digiti, 608 
pollicis, 608 
orbicularis oris, 486 
palpebrarum, 484 
orbital, 502 
of palate and pharynx, 495 
palato-glossus, 497, 1579 
palato-pharyngeus, 497, 1571 
palmanis brevis, 607 
longus, 593 
pectinate, of heart, 695 
pectineus, 625 
pectoralis major, 569 
.Minor, 570 
pelvic, 559 
perineal, 562 
peroneus brevis, 658 
longus, 657 
tertius, 656 
of pharynx, 1604 
pinnate, 469 
plantaris, 649 
platvsma, 481 
popliteus, 655 
pronator quadratus, 597 
radii teres, 592 
psoas magnus, 623 
parvus (minor), 624 
pterygoideus externus, 476 
internus, 476 
pyloric sphincter, 1626 
pyramidalis, 517 


Muscle or muscles, pyriformis, 561 


quadratus femoris, 629 
lumborum, 521 
quadriceps femoris, 639 
of rectum, 1675 
rectus abdominis, 516 
capitis anticus major, 549 
capitis anticus minor, 550 
lateralis, 547 
posticus major, 513 
posticus minor, 514 
externus, 503 
femoris, 639 
inferior, 503 
internus, 503 
superior, 50 
shotaberiaes rma 572 
minor, 572 
risorius, 487 
rotatores, of back, 513 
sacro-spinalis, 508 
salpingo-pharyngeus, 1606 
sartonius, 638 
scalene, variations of, 547 
scalenus anticus, 546 
medius, 546 
posticus, 547 
of scalp, pract. consid., 489 
semimembranosus, 438 
semi-pinnate, 469 
semispinalis, 511 
semitendinosus, 638 
serratus magnus, 571 
posticus inferior, 541 
sticus superior, 541 
of ache palate. 1570 
soleus, 649 
sphincter ani, external, 1676 
externus, 563 
internal, 1677 
pupillz, 1460 
vesical, external, 1925 
internal, 1925 
spinalis, 511 
splenius, 510 
stapedius, 480, 1499 
sternalis, 570 
sterno-cleido-mastoideus, 499 
sterno-hyoideus, 543 
sterno-thyroideus, 545 
striated, attachments of, 468 
blood-vessels of, 464 
bursa of, 471 
classification of, 471 
development of, 465 
form of, 469 
general considerations of, 468 
lymphatics of, 464 
nerves of, 464 
nerve-supply, general, 473 
structure, general of, 458 
variations, 461 
(voluntary), 457 
stylo-glossus, 1579 
stylo-hyoideus, 480 
stylo-pharyngeus, 495, 1606 
subclavius, 570 
subcostal, 539 
subcrureus, 640 
submental, 477 
subscapularis, 578 
supinator, 601 
supraspinatus, 575 
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Muscle or muscles, temporalis, 475 
tensor fascie late, 631 
palati, 479, 1570 
tympani, 479, 1499 
teres major, 577 
minor, 576 
thoracic, 538 
thyro-arytenoid, 1825 
thyro-hyoideus, 545 
tibialis anticus, 655 
posticus, 654 
of tongue, 1577 
trachealis, 1835 
transversalis, $10 
transverso-costal tract, 508 
transverso-spinal tract, 511 
transversus perinei profundus, 565 
superficialis, 564 
of tongue, 1579 
trapezius, 500 
triangularis sterni, 540 
triceps, 588 
trigeminal, 474 
palatal, 479 
tympanic, 479 





of trunk, go7 
of upper limb, 568 
vago-aceessory, 495 
vastus externus, 640 
internus, 640 
ventral, of trunk, 515 
voluntary, motor nerve-endings of, 1014 
zygomaticus major, 485 
minor, 485 \ 
Muscle-fibre, structure of, 459 | 
Muscular system, 454 
tissue, general, 454 
Myelin, roor 
Myelocytes, of bone-marrow, 92 
Myeloplaxes, of bone-marrow, 92 
Myometrium, 2008 , 
Myotome, 30 
Myxcedema, 1794 


Naboth, ovules of, 2008 
Nail, structure of, 1395 
Nail-bed, 1396 
Nail-plate, 1395 
Nails, 1394 
development of, 1403 
Nares, anterior, 1404 
sterior, 1413 
Nasal bone, et 
articulations of, 209 
development of, 209 
cavities, pract. consid., 1417 
cavity, 223 
hiatus semilunaris of, 194 
infundibulum of, 194 
meatus inferior of, 225 
middle of, 225 
superior of, 225 
chamber, 224 
fossa, blood-vessels of, 1425 
floor of, 1413 
lymphatics of, 1426 
nerves of, 1426 
roof of, 1412 
fossz, 1409 
index, 1404 
mucous membrane, 1413 
(naso-lachrymal) duct, 1479 
septum, 223, 1410 
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Nasal septum, triangular cartilage of, 
224 
Nasion, 228 
Nasmyth, membrane of, 1550 
Naso-pharynx, 1598 
Naso-optic groove, 62 
Navel, 37 
Neck, landmarks of, 554 
pract. consid., 550 
triangles of, 547 
Nephrotome, 30 
Nerve or nerves, abdominal, of vagus, 
1272 
abducent, 1249. 
development of, 1379 
aortic (sympathetic), 1364 
auditory, 1256 
development of, 1379 
of auricle, 1487 
auricular, great, 1286 
posterior, of facial, 1254 
of vagus, 1268 
auriculo-temporal, of mandibular, 1244 
of bone, 94 
buccal, of mandibular, 1243 
calcanean, internal, 1344 
cervical, anterior divisions of, 1285 
cardiac inferior, of vagus, 1270 
superior, of vagus, 1270 
first, posterior division of, 1281 
posterior divisions of, 1281 
second, posterior division of, 1281 
tficial, 1287 
third, posterior division of, 1281 
cervico-facial, of facial, 1254 
chorda tympani, of facial, 1253 
ciliary, long, of nasal, 1234 
circumflex, 1307 
pract. consid., 1308 
of clitoris, 2025 
eek or posterior division of, 1284 
of cochlea, membranous, 1521 
cochlear, of auditory, 1256 
of cornea, 1452 
cranial, 1219 
crural, anterior (femoral), 1327 
cutaneous internal, of anterior crural, 
1328 
middle, of anterior crural, 1327 
perforating, of pudendal plexus, 


1347 

dental, inferior, of mandibular, 1245 

superior anterior, of maxillary, 

1239 
middle, of maxillary, 1239 
posterior, of maxillary, 1238 

descendens hypoglossi, 1277 
development of, 1375 
digastric, of facial, 1254 
digital of median, 1301 
dorsal of clitoris, 1351 

of penis, 1351 
of epididymis, 1948 
of external auditory canal, 1490 
external cutaneous, of lumbar plexus, 

1324 
of eyelids, 1446 
facial, 1250, 1251 

development of, 1378 

genu of, 1251 

pract. consid., 1255 
of Fallopian tube, 1999 
frontal, 1234 
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Nerve or nerves, ganglionic, of nasal, 


1234 
genito-crural, 1322 
of glands, 1536 
glosso-pharyngeal, 1260 
development of, 1379 
gluteal, inferior, 1333 
superior, 133, 
of fists follicles’ case 
of heart, 704 
hemorrhoidal, inferior, 1350 
hypoglossal, 1275 
levelopment of, 1380 
pract. consid., 1277 
ilio-hy pogastric, 1320 
ilio-inguinal, 1321 
infratrochlear, 1235 
intercosto-humeral, 1317 
intermedius of Wrisberg, of facial, 
1250 
internal cutaneous, 1303 
cutaneous lesser, 1303 
interosseous anterior of median, 1300 
of kidney, 1886 
of labia, 2024 
labial, superior, of maxillary, 1240 
lachrymal, 1233 
laryngeal, external, of superior laryn- 
geal, 1270 
inferior (recurrent) of vagus, 1270 
internal, of superior laryngeal, 1270 
superior, of vagus, 1270 
of larynx, 1827 - 
lingual, of glosso-pharyngeal, 1264 
of hypoglossal, 1277 
of mandibular, 1244 
of lips, 1542 
of liver, 1711 
lumbar, posterior divisions of, 1282 
of lungs, 1855 
of mammary glands, 2032 
mandibular, (maxillary inferior), 1242 
masseteric, of mandibular, 1242° 
maxillary (superior), 1237 
median, 1298 
branches of, 1300 
pract. consid., 1301 
meningeal, of hypoglossal, 1277 
of vagus, 1268 
mental, of inferior dental, 1246 
of muscle, non-striated, 456 
muscular of glosso-pharyngeal, 1264 
musculo-cutaneous, of arm, 1298 
of leg, 1338 
musculo-spiral, 1308 
branches of, 1309 
pract. consid., 1314 
mylo-hyoid, of inferior dental, 1245 
nasal, 1234, 1235 
anterior, 1235 
external, 1235 
fossa, 1426 
internal (septal), 1235 
lateral, of maxillary, 1240 
septum, 1410 
superior posterior, of spheno-pala- 
tine ganglion, 1241 
naso-palatine, of spheno-palatine gan- 
glion, 1241 
of nose, 1407 
obturator, 1324 
accessory, 1326 
occipital, small, 1286 
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Nerve or nerves, oculomotor, 1225 


development of, 1377 
oesophageal, of vagus, 1272 
of cesophagus, 1613 
olfactory, 1220 
development of, 1376 
act. consid., 1222 
ophthalmic, 1233 
optic, 1223 
development of, 1482 
pract. consid., 1470 
orbital, of spheno-palatine ganglion, 1241 
of ovary, 1993 
of palate, 1573 
palatine, of spheno-palatine ganglion, 
1241 
palmar cutaneous of median, 1301 
palpebral, inferior, of maxillary, 1240 
of pancreas, 1737 
of parotid gland, 1583 
of penis, 1971 
pericardial of vagus, 1272 
of pericardium, 716 
perineal, 1 350 
peripheral, development of, ror1 
peroneal, communicating, of external 
popliteal, 1355 
petrosal, deep, small, 1264 
superficial, external, of facial, 
1253 
great, of facial, 1252 
small, 1264 
pharyngeal of glosso-pharyngeal, 
1264 
of vagus, 1269 
of pharynx, 1606 
phrenic, 1290 
plantar external, 1345 
internal, 1344 
of pleure, 1861 
popliteal, external (peroneal), 1335 
internal (tibial), 1339 
posterior interosseous, 1311 
of prostate gland, 1978 
pterygoid, external, of mandibular, 
1243 
internal, of mandibular, 1242 
pterygo-palatine (pharyngeal), of 
Spocne paleting ganglion, 1242 
pudic, 1349 
pulmonary, anterior, of vagus, 1272 
posterior, of vagus, 1272 
(sympathetic), 1364 
radial, 1313 
of rectum, 1680 
recurrent, of mandibular, 1242 
of maxillary, 1237 
respiratory, external of Bell, 1295 
sacral, posterior divisions of, 1282 
sacro-coccygeal, 1352 
posterior, 1283 
saphenous, internal (long), of anterior 
crural, 1329 
short (external), 1342 
scapular, posterior, 1295 
sciatic, great, 1335 
small, 1348 
of scrotum, 1964 
of skin, 1389 
of small intestine, 1643 
somatic, 1218 
of spermatic ducts, 1959 
spheno-palatine, of maxillary, 1237 
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Nerve or nerves, spinal, 1278 


spinal-accessory, 1274 
pract. consid., 127 
splenebnic, (sympathetic), 1364 
spleen, 1787 
stapedial, of facial, 1253 
of stomach, 1628 
of striated muscle, 464 
stylo-hyoid, of facial, 1254 
of sublingual gland, 1585 
of submaxillary gland, 1585 
subscapular, 1306 
supraorbital, 1234 
of suprarenal] bodies, 1803 
suprascapular, 1295 
supratrochlear, 1234 
sural, of external popliteal, 1335 
of sweat glands, 1400 
of taste-buds, 1435 
temporal, deep, of mandibular, 1243 
superficial, 
1244 
temporo-facial, of facial, 1254 
temporo-malar (orbital), ° 
1238 
of testis, 1948 
thoracic, 1314 
anterior, external, 1297 
internal, 1303 
branches of, 1317 
cardiac, of vagus, 1272 
first, 1315 
lower, 1315 
posterior divisions of, 1282 
posterior (long), 1295 
pract. consid., 1296 
pract. consid., 1318 
second, 1317 
third, 1317 
twelfth {eubcostal) 1317 
upper, 1315 
of thyroid hod, 1793 
of thymus body, 1800 
thyro-hyoid, of hypoglossal, 1277 
tibial, anterior, 1336 
communicating, 1342 
posterior, 1342 
recurrent, 1335 
of tongue, 1580 
tonsillar of glosso-pharyngeal, 1264 
of trachea, 1836 
trigeminal, 1230 
development of, 1378 
divisions of, 1232 
pract. consid., 1248 
trochlear, 1228 
development of, 1377 
tympanic, of glosso-pharyngeal, 1264 
to tympanic plexus, of facial, 1252 
ulnar, 130. 
branches of, 1305 
pract. consid., 1306 
of ureter, 1898 
of urethra, 1927 
of urinary bladder, 1910 
of uterus, 2010 
of vagina, 2018 
vagus, 1265 


and spinal accessory, development 


of, 1380 
ganglia of, 1267 
pract. consid., 1272 
vestibular, of auditory, 1256 
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of auriculo-temporal, 


maxillary, 


| Nerve or nerves, visceral, 1218 
| Nerve. cells, 998 
bipolar, 999 
multi poet: 1000 
toipola lar, 999 
| Merverendings. motor, 1014 
of cardiac muscle, 101s 
of involuntary muscle, 1015 
of voluntary muscle, 1o14 
sensory, 1015 
encapsulated, 1016 
free, 1015 
penital corpuscles, ro1 
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olgi-Mazzoni ceipusclss: 1019 


Krause's end-bulbs, 1016 
Meissner'’s co: uscles, 1017 
Merkel’s tactile cells, 1016 


neuromuscular endings, 101g 
neurotendinous endings, 1020 


Ruffini's corpuscles, 1017 


Vater-Pacinian corpuscles, 1018 


Nerve-fibres, 1000 
arcuate, 1071 
axis-cylinder of, 1001 
cerebello-olivary, 1072 
cerebello-thalamic, 1114 
cortico-bulbar, 1115 
cortico-pontine, 1115 
cortico-spinal, 1115 
medullary sheath of, roor 
medullated, 1003 
neurilemma of, 1001 
nonmedullated, 1003 
rubro-thalamic, rr14 
of sympathetic system, 1356 


Nerve-terminations, 1014 


Nerve-trunks, 1006 
endoneurium of, 1006 
epineurium of, 1006 
funiculi of, 1006 
perineurium of, 1006 
Nervous system, 996 
central, 1021 
peripheral, 1218 
sympathetic, 1353 
development of, 1013 
tissues, 997 
development of, roog 
Neurilemma, root 
Neuroblasts, roro 
Neuro-epithelium, 70 
Neuroglia, 100 . 
cieailymal layer of, 1004 
glia-fibres of, 1004 


of gray matter, of spinal cord, 1035 


histogenesis of, ro10 
spider cells of, roo4 
Neurokeratin, 1001 
Neuromuscular endings, 1019 
Neurone or neurones, 996 
axones of, 997 
dendrites of, 997 
histogenesis of, rorr 
nerve-cells of, 998 
Neurotendinous endings, 1020 
Nipple, 2028 
Nodose, ganglion of vagus, 1268 
Nodules of Arantius, 700 
Nonmedullated fibres, 1003 
Normoblasts, 92 
Nose, 1404 
blood-vessels of, 1407 
cartilages of, 1404 


2076 


Nose, development of, 1429 
hiatus semilunaris of, 1411 
inferior meatus of, 1412 
infundibulum of, 1411 
lateral cartilages of, 1405 
lymphatics of, 1407 
middle meatus of, 1411 
nerves of, 1407 
olfactory region of, 1413 
pract. consid., 1407 
respiratory region of, 1415 
superior meatus of, 1411 
vestibule of, 1409 

Nostrils, 1404 

Notochord, 27 

Nuck, canal of, 2006 

Nuclein, 9 

Nucleolus, 9 

Nucleus or nuclei, abducent, 1249 
acoustic, 1257 
ambiguus, 1074 
amygdaloid, 1172 
arcuate, 1076 
caudate, 1169 
cuneate, 1069 
facial, 1251 
dentate, of cerebellum, 1088 


emboliformis (embolus) of cerebellum, 


1089 

facial, 1251 

fastigii, of cerebellum, 1089 

globosus, of cerebellum, 1089 

gracile, 1069 

internal, of cerebellum, 1088 

of lateral fillet, 1258 

lenticular, 1169 

mamamillaris, 1129 

olivary, 1071 

olivary, superior, 1257 

Ted, 1114 

structure of, 8 

trapezoideus, 1257 

vago-glosso-pharyngeal, 1073 

vestibular, of reception, 1259 
Nuhn, glands of, 1577 
Nutrition, accessory organs of, 1781 
Nymphe, 2022 


Obelion, 228 
Obex, 1096 
Occipital bone, 172 
development ot, 175 
lobe, 1145 t* 
protuberance, external, 174 
internal, 175 
Odontoblasts, 1558 
Csophagus, 1609 
course and relations of, 1609 
lymphatics of, 971 
nerves of, 1613 
pract. consid., 1613 
structure of, 1611 
vessels of, 1612 
Olecranon, of ulna, 281 
Olfactory bulb, 1151 
cells, 1414 
hairs, 1415 
lobe, 1151 
pits, 62 
tegion of nose, 1413 
strive, 1153 
tract, 1152 
trigone, 1153 
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! Olivary eminence, 1066 
nuclei, 1071 
accessory, 1072 
nucleus, inferior, 1072 
Omental sac, 1703 
Omentum, ducdeno-hepatic, 1746 
gastro-colic, 1747 
gastro-hepatic (lesser), 1745 
gastro-splenic, 1747 
greater, 1747 
greater, structure of, 1749 
Odcyte, primary, 17 
secondary, 17 
Odplasm, 15 
Opercula insule, 1137 
Ophryon, 228 
Opisthion, 228 
Optic commissure, 1130 
| recess, 1132 
thalami, 1118 
tracts, 1130 
Ora serrata, 1467 
Oral cavity, development of, 62 
glands, development of, 1589 
| Orbit, 222 
\ axes of, 222 
dimensions of, 222 
fascie of, 504 
lymphatics of, 949 
pract. consid., 1438 





. Organ or organs, accessory, of nutrition, 


1781 
of Corti, 1519 
genital, external female, 2021 
Jacobson’s, 1417 
reproductive female, 1985 
male, 1941 
of respiration, 1813 
of sense, 1381 
of taste, 1433 
urinary, 1869 
Oro-pharynx, 1598 
Orthognathism, 229 
Os intermetatarseum, 432 
magnum, 312 
Osseous tissue, 84 
Ossicles auditory, 1496 
articulations of, 1498 
incus, 1497 
malleus, 1497 
movements of, 1500 
stapes, 1498 
of ear, development of, 1525 
Ossification, centres of, 94 
of epiphyses, 98 
Osteoblasts, 95 
Ostium maxillare, 1422 
Otic ganglion, 1246 
Ova or ovum, 15 





centrolecithal, 22 
fertilization of, 18 
holoblastic, 22 
homolecithal, 21 
human, t990 
maturation of, 16 
meroblastic, 22 
primordial. 199 
segmentation of 21 
stage of, 56 
telolecithal, 22 
zona pellucida of, 1989 
Ovary or ovaries, 1985 
cortex of, 1987 
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Ovary or ovaries, descent of, 2043 
levelopment of, 1993 
fixation of, 1986 
Graafian follicles of, 1988 
hilum of, 1985 
ligament of, 1987 
medulla of, 1988 
nerves of, 1993 
position of, 1986 
pract. consid., 1995 
surfaces of, 1985 
suspensory ligament of, 1986 
structure of, 1987 
vessels of, 1992 
Oviduct, 1996 


Pacchionian bodies, 1205 
_ depressions, 198 
Palate, 1567 
bone, 204 
articulations of, 205 
development of, 205 
hard, 1567 
lymphatics of, 954 
nerves of, 1573 
pract. consid., 1592 
soft, 1568 
muscles of, 1570 
vessels of, 1572 
Pallium, development of, 1189 
Palmar aponeurosis, 606 
fascia, 606 
Pancreas, 1732 
body of, 1733 
development of, 1737 
ducts of, 1736 
head of, 1732 
interalveolar cell-areas of, 1735 
islands of Langerhans of, 1735 
lymphatics of, 979 
nerves of, 1737 
pract consid., 1738 
felations to peritoneum of, 1736 
structure of, 1734 
vessels of, 1736 
Panniculus adiposus, 1384 
Papilla or papillz, circumvallate, 1575 
dental, 1558 
of duodenum, 1720 
filiform, 1575 
fungiform, 1575 
lachrymal, 1478 
renal, 1875 
Paradidymis, 1950 
Parametrium, 2005 
Parathyroid bodies, 1795 
structure of, 1795 
Parietal bone, 197 
articulations of, 199 
development of, 199 
impressions, 199 
lobe, 1143 
Paroophoron, 2002 
Parotid duct, 1583 
gland, 1582 
nerves of, 1583 
relations of, 1582 
structure of, 1586 
vessels of, 1583 
Parovarium, 2000 
Patella, 398 
development of. 400 
movements of, 409 
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Patella, pract. consid., 416 
Peduncle, cerebellar, inferior, 1067 
cerebral, 1107 
Pelvic girdle, 332 
Pelvis, 332 
development of, 344 
diameters of, 342 
diaphragm of, 559 
index of, 343 
joints of, 337 
pract. consid., 350 
of kidney, 1894 
landmarks of, 349 
ligaments of, 337 
lymphatics of, 983 
position of, 342 
pract. consid., 345 
sexual differences, 343 
surface anatomy of, 345 
white line of, 559 
as a whole, 341 
Penis, 1965 
corpora cavernosa of, 1966 
corpus spongiosum of, 1967 
crura of, 1967 
glans of, 1968 
nerves of, 1971 
pract. consid., 1972 
prepuce of, 1966 
structure of, 1968 
vessels of, 1970 
Pericecal fossez, 1666 
Pericardium, 714 
blood-vessels of, 716 
ligaments of, 716 
lymphatics of, 716 
nerves of, 716 
pract. consid., 716 
Perichondrium, 81 
Pericranium, 489 
Perilymph of internal ear, 1514 
Perimetrium, 2009 
Perimysium, 458 
Perineal body, 2046 
Perineum, female, 2046 
lymphatics of, 987 
male, 1915 
landmarks of, 1918 
triangular ligament of, 563 
Perineurium, 1006 
Periosteum, 89 
alveolar, 1553 
Peritoneum, 1740 
cavity, lesser of, 1749 
development of, 1702 
parietal, anterior, 1742 
folds of, 1742 
fosse of, 1742 
pract. consid., 1754 
Perivascular lym ph-spaces, 931 
Pes anserinus, 1252 
hippocampi, 1165 
Petit, tenets of, 574 
Petro-mastoid portion of temporal bone, 


179 

Petrous ganglion, of glosso-pharvngeal, 
1264 

subdivision, of petro-mastoid bone, 
18r 


Peyer's patches, 1641 
Phalanges of foot, 432 
development of, 432 
of hand, 317 
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Phalanges of hand, development of, 318 


anc Plexus or plexuses, cervical, branches, 
peculiarities, 318 


communicating of, 1289 


pract. consid., 320 
variations of, 319 
Pharyngeal pouches, 1695 
Pharynx, 1596 
development of, 1603 
pow of, 1603 
Tyngo-, 1598 
lymphatics of, 954 
lymphoid structures o1, 1599 
muscles of, 1604 
naso-, 1598 
nerves of, 1606 
oro-, 1598 
pract. consid., 1606 
primitive, 1694 
relations of, 1601 
sinus pyriformis of, 1598 
vessels of, 1606 
Philtrum of Lips 1540 
Pia mater, of brain, 1202 
of spinal cord, 1022 : 
Pigment-cells of connective tissue, 74 
Pillars of fauces, 1569 
Pineal body, 1124 
Pinna, 1484 
Pisiform bone, 311 
Pituitary body, anterior lobe of, 1806 
development of, 1808 
(hypophysis), 1129 
Placenta, 49 
basal plate of, 51 
cotyledons of, 50 
discoidal, 34 
foetal portion, 50 
giant cells of, 51 
intervillous spaces of, 51 
marginal sinus of, 53 
maternal portion, 51 
multiple, 34 
septa of, 51 
vitelline, 32 
zonular, 33 
Placentalia, 34 
Plane, frontal, 3 
sagittal, 3 
transverse, 3 
Plasma-cells of connective tissue, 74 
Plasmosome, 9 
Plates, tarsal, 1444 
Platyrhines, 1404 
Pleura or pleura, 1858 
blood-vessels of, 1860 
nerves of, 1861 
outlines of, 1859 
pract. consid., 1864 


relations to chest-walls, changes in, 1863 


of to surface, 1859 
structure of, 1860 
Plexus or plexuses, aortic, 1373 
of Auerbach, 1643 
brachial, 1292 


branches, infraclavicular of, 1297 


supraclavicular of, 1295 
constitution and plan of, 1293 
pract. consid., 1294 

cardiac, 1367 
carotid (sympathetic), 1360 
cavernous, of penis, 1374 
(sympathetic), 1361 
cervical, 1285 
branches of, 1285 


deep, of, 128 
descending of, 1288 
muscular of, 1289 
superficial of, 1286 
supradcromial of, 1289 
supraclavicular of, 1288 
suprasternal of, 1288 
pract. consid., 1292 
coccygeal, 1352 
coeliac, 1370 
lymphatic, 973 
gastric, 1370 
hemorrhoidal, 1374 
hepatic, 1370 
hypogastric, 1373 
lymphatic, 984 
iliac, lymphatic, 983 
inguinal, lymphatic, 991 
lumbar, 1319 


constitution and plan of, 1319 


lymphatic, 973 
muscular branches of, 1320 
of Meissner, 1643 
mesenteric inferior, 1373 
superior, 1372 
oesophageal, 1272 
ovarian, 1371 
pampiniform, 1960 
parotid, 1252 
pelvic, 1374 
phrenic, 1371 
pract. consid., 1330 
prostatic, 1374 
pudendal, as 
branches, muscular of, 1346 
visceral of, 1346 
pulmonary, anterior, 1272 
posterior, 1272 
renal, 1371 
sacral, 1331 
branches, articular of, 1334 
collateral of, 1332 
muscular of, 1333 
terminal of, 1334 
lymphatic, 984 
posterior, 1282 
pract. consid., 1352 
solar, 1368 
spermatic, 1371 
splenic, 1370 
suprarenal, 1371 
of sympathetic nerves, 1367 
tympanic, 1264 
utero-vaginal, 1374 
vesical, 1374 
Plica fimbriata, 1573 
semilunaris, of eye, 1443 
sublingualis, 1573 
Polar body, first, 16 
second, 16 
Pons Varolii, 1077 
development of, 1103 
internal structure of, 1078 
Pontine flexure, 1062 
nucleus, 1078 


’ Portal system of veins, 919 


Postaxial, 4 

Pouch of Douglas, 1743 
pharyngeal, 61 
recto-uterine ‘1743 
Tecto-vesical, 1743 
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Poupart, ligament of, 523 
Preaxial, 4 
Pregnancy, 2012 
Prepuce of penis, 1966 
Primitive streak, 24 
significance of, 25 
Process or processes, ciliary, 1457 
fronto-nasal, 62 
mandibular, 62 
maxillary, 62 
nasal, mesial, 62 
lateral, 62 
styloid, of petrous bone, 183 
uncinate of ethmoid, 193 
Processus cochleariformis, 182 
aginalis, 2041 
Proctodzum, 1695 
Prognathism, 229 
Pronephros, 1934 
Pronucleus, female, 16 
male, 20 
Prophases of mitosis, 12 
Prosencephalon, 1059 
Prostate gland, 1975 
evelopment of, 1979 
lymphatics of, 985 
nerves of, 1978 
pract. consid., 1979 
relations of, 1976 
structure of, 1977 
vessels of, 1978 , 
Proteins, 8 
Protoplasm, 7 
Protovertebrz, 29 
Psalterium, 1158 
Pseudostomata, 72 


Pterion, 228 
Pterygoid plate, inner, 189 
outer, 189 


processes of sphenoid bone, 189 
Pubes, 334 
Pulmonary system of veins, 852 
Pulp of teeth, 1554 
Pulvinar, 1119 
Puncta, lachrymal, 1478 
Pupil, 1459 
Purkinje cells of cerebellum, rogo 
Putamen, 1170 
Pyramid, 1065 
Pyramidal tract, in medulla, 1075 
Pyramids, decussation of, 1064 
renal, 1876 
Pyrenin, 9 


Radius, 287 
development of, 293 
landmarks of, 296 
pract. consid.. 293 
structure of, 292 
surface anatomy, 300 
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Rami communicantes of sympathetic system, 


1356 
Ranvier, nodes of, 1001 
Rauber, cells of, 23 
Recto-uterine pouch, 1743 
Recto-vesical pouch, 1743 
Rectum, 1672 
blood-vessels of, 1679 
growth of, 1680 
lymphatics of, 1680 
muscles and fascia of, 1675 
nerves of, 1680 
peritoneal relations of, 1679 


Rectum, 
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pract. consid., 1689 


structure of, 1674 
valves of, 1674 
Reduction division, 18 

Reil, island of, 1149 


limit: 


ing sulcus of, 1139 


Reissner’s fibre, 1030 
membrane, of cochlea, 1517 
Remak, fibres of, 1003 
Reproduction, 6 
Reproductive organs, development of, 


Respirati 


20. 
external, female, 
of, 987 
male, lymphatics of, 986 
female, 1985 
internal, female, lymphatics of, 988 
male, lymphatics of, 987 
male, 1941 
on, organs of, 1813 


lymphatics 


. Respiratory region of nose, 1415 


tract, development of, 1861 


! Restiforn 


Rete Mal 
Reticular 
Reticulin 
Retina, 1 


n body, 1067 
pighi, 1386 
tissue, 75 

» 83 

462 


blood-vessels of, 1467 


deve 


lopment of, 1482 


layers of, 1463 
lymphatics of, 1468 
pars optica of, 1462 
pract. consid., 1468 
structure of, 1463 
Retro-colic fossa, 1667 
Retzius, prevesical space of, 525 
space of, 1906 


Rhinence 
deve 


halon, 1151 
lopment of, 1193 


Rhombencephalon, derivatives of, 1063 


Ribs, 149 


asternal, 150 
development of, 153 


exce 


tional, 152 


floating, 150 

pract. consid., 169 

sternal, 150 

variations of, 153 
Right lymphatic duct, 945 


Rima glo 


ttidis, 1820 


Ring, abdominal, external, 524 


internal, 524 


femoral, 1773 
Riolan, muscle of, 484 
Rivini’s ducts, 1585 


Rivinus, 
Rolando, 


notch of, 1493 
fissure of, 1137 


funiculus of, 1067 
Rosenmiiller, fossa of, 1598 
lymph-nodes of, 992 
organ of, 2000 
Rostrum, of corpus callosum, 1156 
of sphenoid bone, 187 
Ruffini, corpuscles of, 1017 
Ruysch, membrane of, 1456 


Sac, conjunctival, 1443 


lachrym 


al, 1478 


vitelline, 32 


Saccule, 


1515 


j structure of, 1516 
Sacral | 


Sacro-iha 


phatic plexus, 984 
¢ articulation, 338 
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Sacro-sciatic ligaments, 339 
Sacrum, 124 
development of, 129 
sexual differences of, 127 
variations of, 127 
Salivary glands, 1582 
structure of, 1585 
Santorini, cartilages of, 1817 
duct of, 1736 
Saphenous opening, 635 
Sarcolemma, 459 
Sarcous (muscular) substance, 459 
Scala tympani, 1514 
vestibuli, 1514 
Scalp, lymphatics of, 948 
muscles and fasciw, pract. consid., 489 
Scaphoid, 309 
bone of foot, 425 
development of, 426 
Scapula, 248 
development of, 253 ° 
landmarks of, 255 
ligaments of, 256 
pract. consid., 253 
sexual differences, 252 
structure of, 253 
Scapulo-clavicular articulation, 262 
Scarpa, canals of, 201 
fascia of, 515 
ganglion of, 1259 
triangle of, 639 
Schlemm, canal of, 1452 
Schwann, sheath of, 1001 
Sclera, 1449 
development of, 1482 
pract. consid., 1453 
Structure of, 1450 
Sclerotome, 30 
Scoliosis, 144 
Scrotum, 1961 
dartos muscle of, 1963 
nerves of, 1964 
pract. consid., 1964 
raphe of, 1962 
tunica vaginalis of, 1963 
vessels of, 1964 
Segmentation, 21 
complete, 22 
equal, 22 
partial, 22 
Sella turcica, 186 
Semilunar bone, 310 
cartilages of knee-joint, 402 
valves, 700 
Seminal vesicles, 1956 
lymphatics of, 988 
pract. consid., 1959 
Telations of, 1957 
structure of, 1958 
vessels of, 1958 
Seminiferous tubules, 1942 
Sense, organs of, 1381 
Septum or septa, aortic, 707 
auricular, 694 
crurale (femorale), 625 
intermedium, 706 
intermuscular, 470 
interventricular, 606 
lucidum, 1159 
median, posterior, of spinal cord, 1027 
nasal, 1410 
cartilage of, 1405 
placental, 51 
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Septum or septa, primum, 706 
secundum, 708 
spurium, 707 
transversum, 1701 
Serosa, 31 
Sertoli, cells of, 1943 
Sesamoid bones, 104 
of foot, 432 
of hand, 318 
Sharpey’s fibres of bone, 87 
Shoulder, muscles and fascia 


consid., 
Shoulder-girdle, 248 
surface anatomy of, 263 
Shoulder-joint, 274 
bursz of, 277 
dislocation of, 582 
landmarks of, 280 
ligaments of, 274 
movements of, 277 
pract. consid., 278 
Shrapnell’s membrane, 1494 
Sigmoid cavity, greater, of ulna, 281 
lesser, of ulna, 281 
flexure, 1669 
peritoneal relations of, 1671 
pract. consid., 1685 
Sinus or sinuses, basilar, 874 
pract. consid., 874 
cavernous, 872 
ract. consid., 873 
circular, 872 
confluence of, 868 
of dura mater, 867 
frontal, 1423; 226 (bony) 
development of, 1432 
pract. consid., 1427 
intercavernous, 872 
lactiferus,, 2030 
lateral, 867 
pract. consid., 869 
longitudinal, inferior, 871 
superior, 870 
Pract. consid., 870 
marginal, $72 
of placenta, 53 
maxillary, 1422; 20 (bony) 
development of, 1431 
pract. consid., 1428 
of Morgagni, 497 
occipital, 872 
palatal, 1425 
petrosal, inferior, 874 
superior, 874 
pocularis, 1922 
praecervicalis, 61 
pyriformis of pharynx, 1598 
renal, 1874 
reuniens, 707 
sphenoidal, 1425 
development of, 1432 
pract. consid., 1428 
spheno-parietal, 874 
straight, 872 
uro-genital, 1939 
of Valsalva, 700 
venosus, 705 
Skeleton, 103 
appendicular, 104 
axial, 103 
Skene, tubes of, 1924 
Skin, blood-vessels of, 1387 
development of, 1400 


of, pract 
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Skin, end-bulbs of Krause, 1389 
end-organs of Ruffini, 1389 
enital corpuscles, 1389 
Igi-mazzoni corpuscles, 1389 
lymphatics of, 1388 
Meissner’s corpuscles, 1389 
nerves of, 1389 
pigmentation of, 1387 
stratum corneum of, 1387 
germinativum of, 1385 
granulosum of, 1386 
lucidum of, 1386 
structure of, 1382 
Vater-Pacinian corpuscles, 1389 
Skull, 172 
alveolar point of, 228 
anthropology of, 228 
asymmetry, 230 
auricular point of, 228 
capacity of, 230 
chntiges in old age, 233 
chordal portion, 28 
dimensions of, 229 
fontanelles of, 231 
glenoid point of, 228 
growth and age of, 230 
index, cephalic of, 229 
facial of, 229 
of height of, 229 
nasal of, 229 
orbital of, 229 
palatal of, 229 
landmarks of, 240 
malar point of, 228 
mental point of, 228 
occipital point of, 228 
pract. consid., 235 
prechordal portion, 28 
sexual differences, 234 
shape of, 229 
subnasal point of, 229 
surface anatomy, 234 
weight of, 233 
as whole, 216 
Smegma, 1966 
Solitary nodules of Intestine, 1640 
Somatopleura, 29 
Somites, 29 
Space or spaces, of Burns, 543 
of Fontana, 1452 
perforated, anterior, 1153 
sterior, 1107 
quadrangular, of m. teres major, 578 
of Retzius, 1906 
subarachnoid, of spinal cord, 1022 
subdural, of spinal cord, 1022 
sublingual, 1581 
of Tenon, 1437 
triangular, of m. teres major, 578 
Spermatic cord, 1960 
constituents of, 1960 
pampiniform plexus of, 1960 
pract. consid., 1961 - 
ducts, 1953 
nerves of, 1959 
structure of, 1956 
vessels of, 1958 
filaments, 1946 
Spermatids, 1944 
Spermatocytes, primary, 1944 
secondary, 1944 
Spermatogenesis, 1944 
Spermatogones, 1944 
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Spermatozoa, 1946 
Spermatozoon, 16 
Sperm-nucleus, 20 
Spheno-ethmoidal recess, 1411 
Sphenoid bone, 186 
articulations of, 190 
development of, 190 
great wings of, 187 
lesser wings of, 188 
pterygoid processes of, 189 
Sphenoidal sinus, 1425 
Spheno-palatine ganglion, 1240 
Spigelius, lobe of, 1707 
Spinal column, 114 
Spinal cord, ro21 
anterior horn, nerve-cells of, 1030 
arachnoid of, 1022 
blood-vessels of, 1047 
cauda equina of, 1025 
central canal of, 1030 
columns of, 1027 
anterior, 1027 
lateral, 1027 
posterior, 1027 
commissure, gray of, 1028 
white, anterior of, 1028 
conus medullaris, 1021 
denticulate ligaments of, 1023 
development of, 1049 
dura mater of, 1022 
enlargement, cervical, of, 1026 
lumbar of, 1026 
fibre-tracts of white matter, 1038 
fissure, median anterior of, 1027 
form of, 1026 
gray matter of, 1028 
nerve-fibres of, 1036 
neuroglia of, 1035 
ground-bundle, anterior, 1046 
lateral, 1045 
horn, anterior of, 1029 
lateral of, 1029 
poetetior of, 1029 
membranes of, 1022 
microscopical structure of. 1030 
nerve-cells, grouping of, 1032 
pia mater of, 1022 
posterior horn, nerve-cells of, 1033 
pract. consid., 1051 
root-line, ventral of, 1027 
segments of, 1024 
sepeuni, median posterior of, 102 
substantia gelatinosa Rolandi of, 
1029 
sulcus postero-lateral of, 102 
tract, anterior pyramidal (direct), 
1046 
of Burdach, 1039 
direct cerebellar, 1044 
of Goll, 1039 
of Gower, 1044 
lateral (crossed 
1043 
of Lissauer, 1042 
white matter of, 1036 
ganglia, 1279 
nerves, 1278 
constitution of, 1278 
divisions, primary, anterior, of, 1284 
posterior, of, 1279 
number of, 1279 
Size of, 1279 
typical, 1284 


pyramidal), 


131 
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Spinal nerves, ventral (motor) roots of, 1279 
Spine, 114 
articulations of, 132 
aspect, anterior of, 138 
lateral of, 138 
posterior of, 138 
curves of, 138 
dimensions and proportions of, 141 
landmarks of, 146 
lateral curvature of, 144 
ligaments of, 132 
movements of, 142 
practical considerations, 143 
sprains of, 144 
as whole, 138 
Splanchnopleura, 29 
Splanchnoskeleton, 84 
Spleen, 1781 
development and growth of, 1787 
lymphatics of, 982 
movable, 1788 
nerves of, 1787 
nodules (Malphighian bodies) of, 1784 
peritoneal relations of, 1785 
pract. consid., 1787 
pulp of, 1783 
structure of, 1783 
surface anatomy of, 1787 
basal, 1782 
gastric, 1782 
phrenic, 1781 
renal, 1782 
suspensory ligament of, 1786 
vessels of, 1786 
Spleens, accessory, 1787 
Splenium, of corpus callosum, 1156 
Spongioblasts 1010 
Spongioplasm, 8 
Sprains, of spine, 144 
Squamous portion of temporal bone, 177 
Stapes, 1498 
Stenson, canals of, 201 
duct, 1583 
Stephanion, 229 
Sterno-clavicular articulation, 261 
pract. consid., 263 
Sternum, 155 
development of, 157 
pract. consid., 168 
sexual differences of 156 
variations of, 156 
Stigmata, 72 
Stilling, canal of, 1474 
Stomach, 1617 
blood-vessels of, 1627 
curvature greater of, 1617 
curvature lesser of, 1617 
fundus of, 1618 
glands of, 1623 
growth of, 1629 
lymphatics of, 976, 1628 
nerves of, 1628 
peritoneal relations of, 1619 
position and relations of, 1619 
pract. consid., 1629 
pylorus, 1618 
shape of, 1618 
structure of, 1621 
variations of, 1629 
weight and dimensions of, 1619 
Stomata, 72 
Stomodeum, 1694 
Strabismus, 1440 
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Stratum zonale, of thalamus, 1123 
Stria medullaris, 1119 
Striz, acoustic, 1096 
Structure, elements of, 5 
Styloid process of ulna, 285 
Sublingual ducts, 1585 
gland, 1585 
nerves of, 1585 
structure of, 1587 
vessels of, 1585 
space, 1581 
Submaxillary duct, 1584 
ganglion, 1247 
gland, 1583 
nerves of, 1585 
structure of, 1587 
vessels of, 1585 
Subpatellar fat, 405 
Subperiosteal bone, 98 
Sub-peritoneal tissue, 1742 
Substantia nigra, 110 
Sulci, development of, 1190 
fissures, cerebral, 1135 
Sulcus hypothalamicus, 1119 
Suprarenal bodies, 1801 
accessory, 1805 
development of, 1804 
growth of, 1804 
nerves of, 1803 
pract. consid., 1806 
relations of, 1801 
structure of, 1802 
vessels of, 1803 
body, lymphatics of, 983 
Suture or sutures, 107 
aminiotic, 31 
coronal, 216 
cranial, 216 
closure of, 233 
lambdoidal, 217 
Sagittal, 216 
Sylvian aqueduct, 1108 
gray matter, 1109 
Sylvius, fissure of, 1136 
Sympathetic nerves, plexuses of, 1367 
Sympathetic system, 1353 _ 
aortic nerves, 1364 
association cords of, 1357 
constitution of, 1355 
ganglia of, 1356 
gangliated cord of, 1355 
gangliated cord, cervico-cephalic 
portion, 1358 
lumbar portion, 1366 
sacral portion, 1367 
thoracic portion, 1364 
nerve-fibres of, 1356 
plexus, aortic, 1372 
cardiac, 1367 
carotid, 1360 
cavernous, 1361 
cavernous, of penis, 1374 
coeliac, 1370 
gastric, 1370 
hemorrhoidal. 1374 
hepatic, 1370 
hypogastric, 1374 
mesenteric, inferior. 1373 
superior, 1372 
ovarian, 1372 
pelvic, 1374 
phrenic, 1371 
prostatic, 1374 
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Sympathetic system, plexus, renal, 1371 

solar, 1368 
spermatic, 1372 
splenic, 1370 
suprarenal, 1371 
utero-vaginal, 1374 
vesical, 1374 

plexuses of, 1356 

pract. consid., 1375 

pulmonary nerves, 1364 

rami communicantes of, 1356 


splanchnic afferent fibres of, 1357 


efferent fibres of, 1357 
nerves, 1364 
Symphysis, 108 
pubis, 339 
Synarthrosis, 107 
Synchondrosis, 108 
Syncytium of chorion, 49 
Syndesmosis, 108 
System, gastro-pulmonary, 1527 
muscular, 454 
Nervous, 996 
uro-genital, 1869 


Tenia coli, 1660 
semicircularis, 1162 
thalami, 1119 
Tapetum, 1157 
Tarsal bones, 419 
plates, 1444 
Tarsus, 419 
Taste, organ of, 1433 
Taste-buds, 1433 
development of, 1436 
nerves of, 1435 
structure of, 1434 
Teeth, 1542 
alveolar periosteum, 1553 
bicuspids (premolars), 1545 
canines, 1544 
milk, 1545 
cementum of, 1552 
crown of, 1542 
dentine of, 1550 
development of, 1556 
enamel of, 1548 
fang of, 1542 
homologies of, 1566 
implantation and relations of, 1554 
incisors, 1543 
milk, 1544 
lymphatics of, 95 
milk, eruption of, 1564 
(temporary), 1542 
molars, 1546 
milk, 1547 
neck of, 1542 
permanent, 1542 
development of, 1564 
eruption of, 1565 
relations of, 1554 
pract. consid., 1591 
pulp of, 1554 
pulp-cavity of, 1542 
temporary, relations of, 1556 
variations of, 1566 
Tegmen tympani, 1496 
Tegmentum, 1112 
Tela chorioidea, 1097 
subcutanea, 1384 
Telencephalon, 1132 
Telophases of mitosis, 13 
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Temporal bone, 176 
articulations of, 184 
cavities and passages, 183 
development of, 184 
portion, petro-mastoid, 179 
squamous, 177 
tympanic, 179 
lobe, 1147 ie i 
Temporo-mandibular articulation, 214 
Tendo oculi, 484 , 
Tendon, 77, 468 
conjoined, 518 
Tendon-cells, 78 
Tendon-sheaths, 470 


| Tenon, capsule of, 504 


space of, 143 


: Tentorium oerebelli: 1199 


Terms, descriptive, 3 
Testis or testes, 1941 
appendages of, 1949 
architecture of, 1942 
descent of, 2040 
lymphatics of, 987 
mediastinum of, 1942 
nerves of, 1948 
pract. consid., 1950 
structure of, 1942 
tubules seminiferous of, 1942 
tunica albuginea of, 1942 
vessels of, 1948 
Thalamic radiation, 1122 
Thalamus, 1118 
connections of, 1121 
structure of, 1120 
Thebesian valve, 695 
veins, 694 
Theca folliculi, of hair, 1392 
Thenar eminence, 607 
Thigh, landmarks of, 670 
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muscles and fascia of, pract. consid., 


642 
Third ventricle, 1131 
choroid plexus of, 1131 
Thorax, 149 
articulations of, 157 
in infancy and childhood, 164 
landmarks of, 170 
lymphatics of, 966 
movements of, 165 
pract. consid., 167 
sexual differences, 164 
subdivisions of, 1832 
surface anatomy, 166 
landmarks of, 1868 
as whole, 162 
Thumb, articulation of, 326 
Thymus body, 1796 
changes of, 1797 
development of, 1800 
nerves of, 1800 
shape and relations of, 1796 
structure of, 1798 
vessels of, 1799 
weight of, 1797 
Thyroid bodies, accessory, 1793 
Thyroid body, 1789 
development of, 1793 
nerves of, 1793 
pract. consid., 1794 
shape and relations of, 1789 
structure of, 1791 
vessels of, 1792 
cartilage, 1814 
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Thyroid cartilage, development of, Trigone of bladder, urinary, 1904 
181 ; Trigonum acustici, 1097 
rowth of, 1815 habenulz, 1123 
gland, lymphatics of, 959 hypoglossi, 1097 
Tibia, 382 lemnisci, 1108 
development of, 387 urogenitale, 563 
landmarks of, 390 ! vagi, 1097 
pract. consid., 387 | Trochanter, greater, of femur, 352 
structure of, 387 ; lesser, of femur, 353 
variations of, 383 | Trochlea of humerus, 268 
Tibio-fibular articulation, inferior, 396 H of orbit, 504 
superior, 396. Trochoides, 113 
Tissue or tissues, adipose, 79 Trophoblast, 46 
connective, 73 Truncus bronchomediastinalis, lymphatic, 
elastic, 76 68 
elementary, 67 subelavins; lymphatic, 963 
epithelial, 67 Tube, Eustachian, 1501 
fibrous, 74 Tuber cinereum, 1129 
muscular, general, 454 Tubercle of Lower, 695 
Nervous, 997 Tuberculum acusticum, 1097 
osseous, 84 olfactorium, 1153 
reticular, 75 Tubes, Fallopian, 1996 
Tongue, 1573 Tunica vaginalis of scrotum, 1963 
foramen cecum of, 1574 Turbinate bone, inferior, 208 
frenum of, 1573 articulations of, 208 
glands of, 1575 development of, 208 
growth and changes of, 1580 middle, of ethmoid, 193 
lymphatics of, 952 superior, of ethmoid, 193 
muscles of, 1577 Tympanic portion of temporal bone, 179 
nerves of, 1580 Tympanum, 1492 
papilla, circumvallate of, 1575 : attic of, 1500 
filiform of, 1575 cavity of, 183 
fungiform of, 1575 contents of, 1496 
pract. consid., 1594 membrane of, 1494 
vessels of, 1580 pract. consid., 1505 
Tonsil or tonsils (amygdala), of cerebellum, mucous membrane of, 1500 
1086 oval window of, 1495 
faucial, 1600 pract. consid., 1504 
faucial, relations of, 1602 promonotory of, 1495 
lingual, 1575 i pyramid of, 1496 
lymphatics of, 954 round window of, 1495 
pharyngeal, 1601 secondary membrane of, 1495 
pract. consid., 1608 tegmen of, 1496 
tubal, 1503 Tyson, glands of, 1966 
Tooth-sac, 1562 
Tooth-structure, 1548 : Uina, 281 
Topography, of abdomen, 531 development of, 285 
cranio-cerebral, 1214 landmarks of, 287 
Trachea, 1834 pract. consid., 285 
bifurcation of, 1837 structure of, 285 
carina of, 1837 surface anatomy, 300 
owth of, 1837 Umbilical cord, 53 
lymphatics of, 958 allantoic duct of, 54 
nerves of, 1836 amniotic sheath of, 54 
pract. consid., 1840 blood-vessels of, 54 
relations of, 1836 furcate insertion of, 55 
structure of, 1835 jelly of Wharton of, 54 
vessels of, 1836 marginal insertion of, 55 
Tract or tracts, (fibre) rubro-spinal, velamentous insertion of, 53 
TII4 fissure of liver, 1708 
habenulo-peduncular, 1124 hernia, 1775 
mammillo-thalamic, 1121 notch of liver, 1707 
of mesial fillet, 1076 vesicle, 42 
olfactory, 1152 Umbilicus, 37 
thalamocipetal, lower, 1122 Unciform bone, 312 
Tragus, 1484 Uncus, 1154 
Trapezium, 311 Upper limb, muscles of, 568 
Trapezoid bone, 311 Urachus, 525 
Treitz, muscle of, 558 Ureter or ureters, 1805 
Triangle of Hesselbach, 526 female, 1896 
rectal, 1916 lymphatics of, 982 
uro-genital, 1916 nerves of, 1898 
Triangles of neck, 547 pract. consid., 1898 
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Ureter or ureters, structure of, 1896 
vessels of, 1897 
Urethra, 1922 
crest of, 1922 
development of, 1938 
female, 1924 
structure of, 1926 
fossa, navicular of, 1924 
glands of, 1925 
lymphatics of, 986 
male, pract. consid., 1927 
structure of, 1924 
meatus of, 1924 
nerves of, 1927 
orifice of, external, 1924 
internal, 1904 
portion, membranous of, 1923 
prostatic of, 1922 
spongy of, 1923 
vessels of, 1926 
Urethral bulb, 1968 
crest, 1922 
Urinary organs, 1869 
development of, 1934 
Uriniferous tubule, 1877 
Urogenital cleft, 2021 
sphincter, 2049 
system, 186 
Utero-sacral folds, 1743 
Utero-vesical pouch, 1943 
Uterus, 2003 
attachments of, 2004 
body of, 2003 
broad ligament of, 2004 
cavity of, 2003 
cervical canal of, 2003 
cervix of, 2003 
changes of menstruation, 2012 
of pregnancy, 2012 
development of, 2010 
fundus of, 2003 
glands of, 2007 
lymphatics of, 989 
nerves of, 2010 
os, external of, 2003 
peritoneal relations of, 2004 
position of, 2007 
pract. consid., 2012 
Telations of, 2007 
round ligament of, 2005 
structure of, 2007 
variations of, 2012 
vessels of, 2009 
Utricle, 1514 
prostatic, 1922 
structure of, 1516 
Uveal tract, 1454 
Uvula, 1569 


Vagina, 2016 
development of, 2019 
fornix, anterior of, 2016 
posterior of, 2016 
lymphatics of, 989 
nerves of, 2018 
pract. consid., 2019 
relations of, 2016 
structure of, 2017 
variations of, 2019 
Vagina, vessels of, 2018 
vestibule of, 2022 
Vaginal oer of inner pterygoid plate, 
109 
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* Vallecula, 1083 
Valsalva, sinus of, 700 
Valve or valves, aortic, 700 
auriculo-ventricular, of heart, 699 
Eustachian, 694 
ileo-cecal, 1661 
mitral, 699 
i of Morgagni, 1674 
\ pulmonary, 700 
of pulmonary artery, 700 
rectal, 1674 
semilunar, 700 
Thebesian, 695 
tricuspid, 699 
Valvule conniventes, 1636 
_ Vasa aberrantia of epididymis, 1950 
Vas deferens, 1954 
ampulla of, 1955 
lymphatics of, 988 
Vasa vasorum, 674 
Vater, ampulla of, 1721 
Vater-Pacinian corpuscles, 1018 
Vein or veins, allantoic, 33 
circulation, 929 
angular, of facial, 864 
auditory, internal, 869 
Hl auricular, anterior, 882 
posterior, 883 
axillary, 887 
pract. consid., 888 
azygos, 893 
arch, 893 
development of, g28 
major, 893 
minor, 895 
superior, 895 
pract. consid., 895 
system, 893 
basilar, 877 
basilic, 890 
median, 891 
basivertebral, 897 
brachial, 886 
brachio-cephalic, 858 
bronchial, 893 
of bulb, 907 
cardiac, 854 
anterior, 856 
great, 855 
middle, 856 
posterior, 856 
small, 856 
valves of, 856 
cardinal, 926 5 
posterior, 854 
| superior, 854 
system of, 854 
centralis retinz, 879 
cephalic, 890 
accessory, 890 
median, 891 
cerebellar, inferior, 879 
superior, 878 
. median, 878 
cerebral, 877 
| great, 877 
inferior, 877 
posterior, 869 
internal, 877 
middle, 877 
pract. consid., 878 
superior, 877 





cervical, ascending, of vertebral, 860 
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Vein or veins, cervical, deep, 859 ‘ Vein or veins, gastric, 923 
middle, 884 { short, 921 - 
chordz Willissi, 870 i gastro-epiploic, left, g21 
choroid, 877 Tight, 921 
ciliary, anterior, 879 ; gluteal, 905 
terior, 879 hemiazygos, 895 
circulation, foetal, 929 | accessory, 895 . 


circumflex, iliac, deep, g10 


hemorrhoidal, inferior, 907 
superficial, 917 1 


middle, 908 


! 
i 
of leg, g14 plexus, 908 
classification of, 852 | superior, 922 
clitoris, go9 H hepatic, go2 
colic, middle, 921 | pract. consid., 904 
right, 921 ' hepatica communis, goo 
condyloid, anterior, 874 ‘ ileo-colic, g21 
confluence of the sinuses, 868 : iliac, common, 905 
coronary, of facial, 865 : pract. consid., 917 
inferior, of facial, 865 ' external, 909 
left, 855 ; pract. consid., 918 
right, 856 | internal, 905 
of corpus callosum, anterior, 878 pract. consid., 918 
posterior, 877 ilio-lumbar, 906 
cavernosum, 907 inferior cava, pract. consid., goo 
striatum, 877 ' . caval system, 898 
costo-axillary, 896 innominate, 858 
crico-thyroid, of superior thyroid, 867 development of, 859 
cystic, 923 , pract. consid., 859 
deep dorsal of penis (clitoris), 909 intercapitular of hand, 889 
of forearm, 886 | intercostal, 896 
of hand, 886 anterior, of internal mammary, 860 
dental, inferior, 883 superior, 896 
superior, 883 accessory left, 896 
development of. 926 : : intervertebral, 898 


diploic, 874 
anterior, 875 
occipital, 875 
pract. consid., 875 
temporal, anterior, 875 


jugular, anterior, 884 
external, 880 
posterior, 884 
pract. consid., 881 
internal, 861 





posterior, 875 bulbs of, 861 
dorsal, of foot, g10 rac. consid., 863 
interosseous, 886 labial, inferior, of facial, 865 
ductus Arantii, 929 superior, 865 
arteriosus, 930 lacunz of dural sinuses, 852 
Botalli, ¢30 t laryngeal, inferior, 861 
venosus, 929 ' superior, of superior thyroid, 867 
emissaries of foramen lacerum medium, ' of leg, deep, 11 
876 pract. consid., 918 
emissary, 875 \ of limbs, development of, 929 
condyloid, anterior, 876 lingual, deep, of facial, 867 
posterior, 876 of facial, 867 
of foramen ovale, 876 lumbar, gor 
of Vesalius, 876 ascending, gor 
mastoid. 876 mammary, external, 888 
occipital, 876 internal, 860 
parietal, 876 marginal, right, 856 
pract. consid., 876 marginalis sinistra, 855 
epigastric, deep, 909 of Marshall, 856 
superficial, 917 masseteric, of facial, 866 
superior, of internal mammury, 860 mastoid emissary, 869 
ethmoidal, 879 i . maxillary, internal, 882 
facial, 864 internal, anterior, of facial, 865 
common, 864 median, 8go - 
deep. 865 deep, 886 
pract. consid., 864 mediastinal, anterior, 861 
transverse, 882 e medulli-spinal, 898 
femoral, deep, 914 meningeal, middle, 883 
pract. consid., 918 mesenteric, inferior, 922 
foetal circulation, 929 superior, 921 
of foot, deep, o10 metacarpal, dorsal, 889 
superficial, g14 nasal, lateral, of facial, 865 
foramen lacerum medium, 876 oblique, of heart, 695 
frontal, of facial, 865 of left auricle, 856 
of Galen, 856 obturator, 907 
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Vein or veins, occipital, 859 
ophthalmic, anastomoses uf, 850 


pract. consid., 880 
superior, 879 
ovarian, 903 
palatine, ascending, of facia, 806 
inferior, of facial, 860 
palmar arches, 886 
superficial, 890 
palpebral, of facial, 865 
> pampiniform plexus, go3 
pancreatic, 921 
pancreatico-duodenal, g21 
parotid, anterior, of facial, 866 
posterior, 882 
parumbilical, 923 
perforating, of internal mammary, 860 
pericardial, 861 
perineal, superticial, go7 
peroneal, 911 
pharyngeal, 863 
plexus, 864 
phrenic, inferior, gor 
Superior, 861 
plantar, 910 
2 external, gto 
plexus, alveolar, 882 
external, spinal, 897 
hemorrhoidal, venous, go8 
internal, spinal, 897 
pterygoid, 882 
sacral, go05 
of Santorini, go9 
venosus mammillx, 888 
popliteal, gtr 
pract. consid., 918 
portal, gto 
accessory, 923 
collateral circulation of, 923 
development of, 925 
of liver, 1709 
system, 919 
pract. consid., 925 
pterygoid, plexus, 882 
pudendal plexus, 900 
pudic, external, 916 
* internal, 907 
pulmonary, 852 
anastomoses of, 853 
development of, y29 
pyloric, 923 
radial, 886 
superficial, 891 
accessory, Sor 
renal, 902 
pract. consid., 904 
sacral, anterior, plexus, yo5 
lateral, 906 
middle, 905 
saphenous, accessory, 916 
long, 916 
short, 915 
sciatic, 906 
of septum lucidum, 877 e 
sigmoid, 922 
sinus, basilar, 874 
pract. consid., 874 
cavernous, 872 
pract. consid., 873 
circular, 872 
coronary, 854 
of dura mater, 867 
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Veins or veins, sinus, dural, bluod-lakes of, 
852 
structure of, 351 
intercavernous, 872 
lateral, 867 
pract. consid., 869 
longitudinal, inferior, 871 
superior, 870 
pract. consid., 870 
marginal, 872 
occipital, 872 
petrosal, inferior, 874 
superior, 374 
spheno-parietal, 874 
straight, 872 
small, of Galen, 877 
intestine, 921 
spermatic, 903 
pract. consid., 904 
spheno-palatine, 882 
spinal, 897 
cord, 898 
pract. consid., 898 
splenic, 921 
sterno-mastoid, of superior thyroid, 
867 
structure of, 677 
subclavian, 884 
pract. consid., 885 
subcostal, 896 
sublingual, 867 
submental, of facial, 866 
superficial of hand, 889 
superior caval system, 857 
supraorbital, of facial, 865 
suprarenal, middle, 903 
inferior, 902 
euprcscoralns 884 
Sylvian, deep, 878 
temporal, deep, 883 
middle, 882 
superticial, 882 
temporo-maxillary, 882 
testicular, 903 
Thebesian, 694 
thoracic, acromial, 890 
long, 887 
thoraco-epigastric, 888 
thymic, 861 
thyroid, inferior, 860 
: pract. consid., 861 
I middle, 867 
plexus, 860 
superior, 867 
tibial, anterior, 911 
1 posterior, 911 
torcular Herophili, 868 
tympanic, of temporal, 882 . 
ulnar, 886 
superficial, 890 
umbilical, 54 
of upper extremity, 886 
pract. consid., 896 
ureteric, of renal, 902 
of spermatic, 903 
uterine, 908 
plexus, 908 
utero-vaginal plexus, 908 
. Vaginal, 908 
plexus, 908 
valves of, 850, 851 
vena cava inferior, 899 
development of, 927 
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Vein or veins, vena cava superior, 857 Vessels of seminal vesicles, 1958 
development of, 927 of spermatic ducts, 1958 
.  pract. consid., 858 of spleen, 1786 
cephalica pollicis, 889 i of sublingual gland, 1585 
salvatella, 889 \ of submaxillary gland, 1585 
supraumbilicalis, 923 of suprarenal Dotltes, 1803 
thyreoidea ima, 861 of testis, 1948 
venz comites, 851 of thymus body, 1799 
vorticose, 879 - of thyroid body, 1792 
vertebral, 860 : of tongue, 1580 
vesical, 908 of trachea, 1836 
vesico-prostatic plexus, go9 of ureter, 1897 
vesico-vaginal plexus, gog of urethra, 1926 
vitelline circulation, 929 of urinary bladder, 1910 
Velum interpositum, 1162 d of uterus, 2009 
Ventricle or ventricles, fifth, 1160 \ of vagina, 2018 
fourth, 1096 Vestibule of mouth, 1538 
of heart, 696 of nose, 1409 
lateral, 1160 cf osseous labyrinth, 1511 
anterior horn of, 1160 of vagina, 2022 
body of, 1161 Vicq d’Azyr, bundle of, 1121 
choroid plexus of, 1162 Vidian canal, 189 
inferior (descending) horn of, Villi of chorion, 49 
1164 : of intestine, 1635 
posterior horn of, 1168 lacteals of, 1636 
(sinus) of larynx, 1822 Vincula tendinum, 471 
third, 1131 Vital manifestations, 6 
Vermiform appendix, 1664 Vitelline arteries, 32 
Vernix caseosa, 66 . duct, 32 
Vertebra or vertebrez, 114 membrane, 15 
articular surfaces of, 116 sac, 32 
body of, 115 Vitello-intestinal duct, 37 
cervical, 116 Vitellus, 15 
development of, 128 Vitreous body, 1473 
dimensions of, 122 development of, 1483 
pe regional changes of, 122 pract. consid., 1474 
lamine of, 115 Vocal cords, false, 1826 
lumbar, 117 true, 1820 
mammillary processes of, 118 Volkmann's canals, of bone, 89 
peculiar, 119 Volvulus, 1687 
pedicles of, 115 Vomer, 20 
presacral, 128 : articulations of, 206 
prominens, 121 Vulva, 2021 
spinal foramen of, 115 
spinous process of, 115 Wharton duct of, 1584 
structure of, 128 jelly of, 54 
thoracic, 115 Winslow, foramen of, 1746 
transverse processes of, 115 Wirsung, duct of, 1736 : 
variations of, 131 Wisdom-tooth, 1546 
Verumontanum, 1922 Wolffian body, 1935 
Vesalius, foramen of, 188 duct, 1935 
Vesicle, germinal, 15 Womb, 2003 
umbilical, 42 Worm of cerebellum, 1082 
Vesicles, seminal, 1956 Wrist, anterior annular ligament, 607 
Vessels of clitoris, 2025 movements of, 326 
of epididymis, 1948 pract. consid., 613 
of Fallopian tube, 1998 surface anatomy of, 328 
of gall-bladder, 1719 Wrist-joint, landmarks of, 330 
of labia, 2023 pract. consid., 329 
of larynx, 1826 
of lips, 1542 Xiphoid process of sternum, 156 
of mammary glands, 2031 
of cesophagus, 1612 Yolk-stalk, 37 
of ovary, 1992 
of palate, 1572 Zeiss, glands of, 1444 
of pancreas, 1736 Zinn, annulus of, 503 
of parotid gland, 1583 zonula of, 1475 
of penis, 1970 Zona pellucida, 15 
of pharynx, 1606 radiata, 15 
of prostate gland, 1978 Zonula of Zinn, 1475 
. of roots of lungs, 1839 Zuckerkandl, bodies of, 1812 
of scrotum, 1964 Zygomatic process of temporal bone, 178 
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